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Progress in Power Plant Design 


N 1891 George H. Barrus, M. E., 

whose practice among the indus- 
tries of the East was sufficiently 
broad to make its summary repre- 
sentative of the conditions of the 
time, published a book on ‘Boiler 
Tests.” 


In the case of the water-tube 
boilers less than 14 pounds of coal 
was burned on an average per square 
foot of grate surface and less than 0 .3 
of a pound per square foot of evapo- 
rating surface per hour and 10.58 
pounds of water was evaporated per 
pound of combustible. 


We are not doing very much better 
in efficiency today, but Hell Gate 
burns five times as much coal and 
evaporates about five times as much 
water per square foot of heating sur- 
face per hour. Surface subjected to 
radiant heat evaporates 40 pounds or 
more per square foot and the present 
tendency is to put more and more of 
the heating surface where it can see 


the fire. 


In 1900 Mr. Barrus published 
another book, “Engine Tests.” The 
average steam rate of the condensing 
engines reported was 21, and of the 
non-condensing engines 32.7 pounds 
per horsepower-hour, which is about 
28 and 44 pounds per kilowatt-hour 
respectively. 


Turbines are now sold under guar- 
antee to produce a kilowatt-hour on 
less than 10 pounds of steam. 


True, to make the higher-pressure 
superheated steam requires more 
heat per pound, but not in anything 
like this proportion. Reduced to a 
heat basis, 28 pounds of steam at 100 
lb. gage worked to a vacuum of 26 
inches would be equivalent to over 
30,000 B.t.u. per kilowatt-hour. 


Modern stations are running on less 


than half of this. 


The average steam pressure in the 
60 engine tests that Mr. Barrus 
records was 10! and the highest 167 
pounds. There were a few cases of 
the use of superheat, the highest 82, 
the average 4] degrees. 


Today pressures above 350 pounds 
and temperatures over /50 degrees 
are part of the day's work and a 
successful installation is running with 
an initial pressure of 1,200 pounds. 


How far should we have got on 
this road without the specialization 
and training that the demands of the 
central station have developed and 
the realization of which has been 
so effectively fur- 


thered through the 


committees and Sey 
resources of the ‘ a 
N.E.L.A.? on 
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Fig. 1—View of Richmond station from the Delaware River 


Philadelphia Electric Company’s 
Richmond Station 


Station Designed for 600,000 Kw. in Three Independent Sections of 200,000 Kw. Each 
100,000 Kw. Installed— Boilers of 15,697 Sq.ft. Used with Economizers and Air Heaters 


in Same Settings 


Steam Conditions 375 Lb. Gage, 675 Deg. F.—— Three-Stage 


Bleeding from Main Units and Motor-Driven Auxiliaries, Starting at Full Voltage 


N 1922, seeing that the capacity of its present 

generating stations would soon be reached and that 

the growth of load would demand a large increase 
in generating capacity, the Philadelphia Electric Com- 
pany laid plans for a new station to supplement its 
other generating stations, which include Schuylkill, 
Chester and Delaware, with a total capacity of 425,000 
kw. The site of the new station, which comprises a 
64-acre tract of undeveloped land along the Delaware 
River about three miles above the Delaware station, 
was selected as being admirably adapted for the devel- 
opment of a large steam-power station. It is in the 
midst of a rapidly growing industrial section, the ter- 
ritory to the north and south being already well oc- 
cupied. The river at the point adjacent to the plant 
affords a good supply of circulating water as well as 
good facilities for receiving large shipments of coal. 

The station is designed for an ultimate capacity of 
not less than 600,000 kw. to be built in three sections. 
In laying out the plant in three independent units 
it appeared that not only would the reliability be in- 
creased, but the light and ventilation would be mate- 
rially improved. Construction work was begun on the 
station April 25, 1924, and on Nov. 16, 1925, 18 months 
later, the first unit was put into service. The design 
of the station, which was made by the company’s 
engineers in co-operation with John C. Windrim, 
architect for the building, embodies a number of fea- 
tures of particular interest and indicates an advanced 
step in power-plant design. 


In the present section there are two 50,000-kw. units 
served by twelve inclined-tube boilers of 15,697 sq.it. 
of effective heating surface each, fired by underfeed 
stokers. This section of the plant is designed to ac- 
commodate two more units of similar capacity which 
will be added as the demand grows. 

Previous to laying plans for the station or making 
any decisions as to the steam pressures and tempera- 
tures to be carried, types of equipment, etc., investiga- 
tions were made of a number of large central stations 
both in this country and abroad. With the information 
and data obtained, a complete study was made of several! 
arrangements embodying the following conditions: 
Steam pressure, from 250 to 550; all using about the 
same total temperature; average yearly vacuum; tem- 
peratures of feed water; various methods of heating 
feed water; various types of auxiliary drive; different 
types of boilers with and without economizers and pre- 
heaters and with various combinations of both. With 
the investigations completed, the thermal efficiency and 
capital cost of a number of combinations of pressures 
and heat-balance arrangements were worked out and 
applied to load conditions on the system. From this 
survey it appeared that a steam pressure of 375 Ib. at 
the turbine throttle in combination with a heat-balance 
system employing three-stage bleeding and large air 
heaters, would give the lowest cost per kilowatt-hour. 
As it was not considered practical at the time the sta- 
tion was designed to use the high air temperatures that 
would result from the use of large air-heater surfaces 
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with underfeed stokers, the combination offering the 


next lowest cost per kilowatt-hour was selected. This 
called for 375 lb. throttle pressure with three-stage 


bleeding, using boilers with approximately 150 per cent 
air-heater surface and 50 per cent economizer surface. 
Extensive tests previously conducted on a similar com- 
bination at the Chester Station had demonstrated the 
practicability of this particular combination. 

The selection of the inclined water-tube boiler was 
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load factor may become poorer as the station grows 
older, favored 400 lb. pressure. It was also appreciated 
that as 400 lb. represents the terminal pressure for 
the high-pressure cycle (1,200 Ib.), it would work in 
well should it be found desirable to go to higher pres- 
sures in the future additions to the station. The steam 
conditions finally decided upon were therefore 400 Ib. 
at the boiler, or approximately 375 Ib. at the turbine 
throttle with an average total temperature of 675 deg. F. 

















Fig. 2—General view of turbine hall, showing 50,000-kw. tandem-compound unit 


influenced to a large extent by the satisfactory results 
ybtained with this type of boiler over a period of years 
in the other stations. Also, it appeared to work in best 
with the general plant layout and the desirability of 
combining the economizer and air heater within the 
boiler setting, in place of putting them in independent 
settings. 

In considering the matter of steam pressure tor the 
plant, investigation showed that there was little to 
choose between 400 and 600 Ib. The initial cost of the 
station would be much higher for 600 lb. pressure, and 
this additional cost would not be compensated by the 
increased efficiency obtained. Also, the fact that the 


As a large number of large central stations designed 
previous to the Richmond plant had adopted pulverized 
fuel as the method of firing the boilers, the reason for 
selecting underfeed stokers Richmond 
terest. 

As the coals commercially available in the Phila- 
delphia territory are of comparatively high grade, which 
can be burned with practically the same efficiency on 
stokers as in pulverized form, the ability to utilize 
a low-grade fuel was not a factor, owing to the higher 
transportation charges for an equivalent B.t.u. value 
produced. Also, from the investigation made it was 
found that with the use of preheated air and adding 


for are of in- 
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together the operating and maintenance charges, the 
cost of current at the bus would be at least as low 
with stokers as with pulverized fuel. There was also 
the question of eliminating the ash dust from the prod- 
ucts of combustion emitted from the stacks if pulver- 
ized coal were used, for at the time the station was 
designed no satisfactory solution of this problem had 
been found. In addition to the foregoing, the large 
preparation plant that would be required. was con- 
sidered by the engineers an added complication to the 
operation of the plant as well as materially increasing 
the capital cost. 

It should be understood, however. that neither the 
question of higher pressures and temperatures nor that 
of burning pulverized coal is considered closed. As 
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required worked in better with the island-platform plan 
of foundation and permitted of better ventilation and 
light in the basement as well as greater accessibility to 
the main auxiliaries with the erane. The capacity of 
the two units at present installed can be considerably 
increased by a slight constructional change at some 
additional expense. 

The low-pressure section of each turbine, which 1s 
of the double-flow type, is connected rigidly to a 70,000- 
sq.ft. two-pass surface condenser placed at right angles 
to the axis of the turbine. In place of the usual ex- 
pansion joint in the steam connection or the employment 
of spring supports, one condenser is carried on counter- 
weighted levers. This method of supporting the con- 
denser, which was developed by one of the engineers 
of the company, is designed to distrib- 
ute evenly the weights of the conden- 
ser under all conditions of load and to 
prevent any change in the loading due 
to expansion and contraction of the 
condenser from temperature changes. 

The circulating water for each unit 
is supplied by duplicate motor-driven 
54-in. centrifugal pumps each with a 
capacity of 78,000 gal. per min. The 
condensate pumps, which are _ two- 
stage motor-driven, operating under a 
total head of 151 ft., are also in dupli- 
cate. For air and vapor removal one 
two-stage air ejector with after-con- 
denser and one hydraulic air pump are 
provided for each unit. 

The arrangement of the intake and 
discharge tunnels for the circulating 
water is shown in Fig. 7. The tunnels 
are carried in below the boiler-room 
floor, the construction work of the tun- 
nels forming part of the boiler-column 
foundations. Each tunnel has a con- 
nection to one of the pumps on each 
turbine, so that any one tunnel can be 
shut down without affecting the oper- 
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Fig. 8—Cross-section of boiler setting 


the suecessive sections are added, such engineering im- 
provements will be incorporated as experience shows to 
be warranted or advancement in the art dictates. 

As previously mentioned, the first two generating 
units are of 50,000 kw. capacity each. They are single- 
shaft tandem-compound turbines running at 1,800 r.p.m. 
In deciding upon the size of unit it appeared that 
50,000-kw. machines would best fit into the system of 
which the new station was to form an important part. 
The tandem type of unit was selected in preference 
to the compound unit owing to the greater simplicity of 
arrangement and to the fact that the smaller space 











The building is of structural steel 
and concrete. The structural mem- 
bers, with the exception of the roof 
trusses, are of silicon steel. This per- 
mitted the use of smaller members 
owing to the greater stress allowable, 
this being 22,000 Ib. for silicon as 
against 16,000 for carbon steel. The 
roof trusses of the turbine hall as well 

as the coal-conveyor trusses, were made 

of carbon steel owing to the large 

amount of shopwork involved, silicon 
steel] being much harder to drill and work than 
carbon steel. The adoption of the arched roof, as will 
be apparent from Fig. 2. in addition to improving the 
general appearance of the turbine room, materially in- 
creases the natural illumination without the use of th« 
usual extensive skylights. The trusses are designed 
to be self-supporting, no cross-members being used. 
Any side stress in the structure is taken care of by 
the boiler house on one side and the switchhouse on 
the other. The roof of the turbine room is constructed 











of gypsum with 2-in. cork insulation, the whole being 
covered with prepared roofing. This type of roof con- 
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=: struction obviates any 
3S trouble from condensa- 
23 tion. 

As In the design of the 
/= boiler setting, a cross- 
“2 section of which is 
; =4 shown in Fig. 3, it will 
ph be seen that water- 
> =3 cooled walls have been 
= Q tl utilized to probably a 
S ni 2& greater extent = than 
eS =f heretofore for a stoker- 
s _3 |& fired furnace, the in- 
|! ~|  stallation on each of 
; the twelve boilers being 
' 2% identical. A large por- 
c2) ; os : . ° 
BS = 4° tion of the side walls 
¥ 2% as well as the complete 
mI | ~. bridge wall are of 
t -| YL 4 water-cooled construc- 
iJ os +. tion. In the side walls 
ny a2 the water-cooled sur- 
| aS ic; face is carried to a 
al : = J height about 14 ft. 
. i = Z~ above the surface of the 
| ' 254  stoker and is also 
| is “2 extended below _ the 
JF} w! “ye | 1 & 22 active furnace area. 
tt tf | U | 8 | ; = as The upper and lower 
i Laat HS —— | 2 | = ls headers of the water 
' én (3 = | 1 © "2 walls are outside the 
at i te ‘ $5 s5 furnace wall proper and 
He It i | 3 Al are connected to the 
7 a ‘2° upper and lower drums 
_ | S28 of the boiler, as indi- 
| ' S72 cated in Fig. 3. The 
= 7 = 3s water - cooled surface 
c | 13 22 forming the bridge 
as ; = dz wall is of similar con- 
| (2 % = ruction and connected 
& | ' # §= to the same drums of 
2 1 i 2 = sthe boiler as the side 
“f ’ i Pde — walls. The water-cooled 
. a ‘o .. 3s surface consists essen- 
.* H 8 ~ 5} tially of cast-iron blocks 
S a : & §= faced with refractories 
: 2 ft 3 and bolted to water- 
s 5 % ‘ 28 screen tubes which are 
. < . = = | =, spaced 6 in. on centers, 
= 8 3 ; “= intimate contact —be- 
a ae | + | pl 37% tween the blocks and 
ia Ri 1 3 | i Ts tubes being made by a 
S| | | Mt Aus Hoe My 2% special filler of high 
iS | at] ne Wy heat conductivity. It 
| ——— —— = sh : =. is estimated that the 
‘I : < mts £ 26 water-cooled walls add 
| ms 3 is == about 10 per cent to the 
| po Bee es yy == steaming capacity of 

H s “Kant | (S the boiler and will 

| * | SS materially decrease the 
= i See eset { | | 24 maintenance of the fur- 
5 || to a Hy =. nace walls. The over-all 
5 ee Ws ere | | ; =. economy of the boiler 
3 —— : es “|| Y= = Sz is also considerably im- 
8 : a * : {L> “en | = proved owing to the 
3 sf ¢ | 52 higher CO,,_ carried 
S = | y= without danger to the 

— = ~~~ “\ furnace refractories. 























Fig. 5—Boiler firing aisle 


Referring again to Fig. 3, it will be seen that the 
economizer, which has a heating surface of 7,515 sq.ft., 
is of the two-drum type and is placed parallel with the 
last bank of boiler tubes within the boiler setting. The 
tubular air heater is also placed within the same set- 
ting, thus giving a very compact arrangement to the 
entire unit. 

Although in some cases the use of both air heater and 
economizers may not be justified, in the Richmond Sta- 
tion it was estimated that the economizer would give 
a fair return on the over-all investment and also bring 
up the over-all efficiency of the station with the limited 
air-heater surface used. The design and arrangement 
of the air heater also permitted placing the forced- and 
induced-draft fans on the same floor above the boilers 
and the use of short ducts connecting the fans with the 
air heater and the heater with the wind-box below 
the stokers. <All the combustion gases go through the 
air heater, no bypass being provided. At 200 per cent 
of rating and with an inlet air temperature of 80 deg., 
the temperature of the air leaving the 
around 300 deg. 

Both the forced- and induced-draft fans are driven 
by variable-speed motors which are manually controlled 
through push-and-pull-button controls placed close to 
the boiler at the operating floor level. The dampers on 
both forced- and induced-draft are also motor operated, 
the induced-draft dampers. being automatically 
trolled to maintain a constant draft over the fire. 

The underfeed selected 
tuyeres long and embody the latest 
stokers of this type. Two different makes are installed. 
The are driven with direct-current motors in 
order that close regulation might be obtained over a 
wide range of speed. 


heater runs 


con- 


stokers 15-retort, 25 


improvements in 


are 


stokers 


The motors are on a mezzanine 
below the boiler operating floor level. The current for 
driving the motor is furnished from one of the motor- 
generator units. The total furnace volume is 7,860 
cu.ft. per boiler, giving a ratio of furnace volume to 
boiler-heating surface of 0.496. The boilers are set 
high, the mud-drum centers being 13 ft. above the op- 
erating floor. The stokers are equipped with two-roll 
clinker grinders, which discharge refuse into an ashpit 
from which it is dumped through air-operated gates to 
dump cars and hauled by storage-battery locomotive to 
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a pit. From the pit it is handled by locomotive cranes 
to barge, railway cars or trucks. The ashpits are of 
liberal volume and are emptied only once in 24 hours. 

“ach group of three boilers is served by one brick- 
lined steel stack 14 ft. 6 in. inside diameter supported 
on the building. The height of the stacks was made 
to fit in well with the general design of the building. 
They are approximately 81 ft. above the foundations. 
The breechings are designed with a cross-sectional area 
of 46 sq.ft. for each boiler served. 

Coal-handling equipment at the Richmond Station is 
essentially a duplicate of that used at the Delaware 
Station. Two towers housing the hoisting equipment 
are located on piers extending out into the river directly 
opposite the space between the sections of the station. 
Inclined-belt conveyors convey the coal from the towers 
and discharge it to distributing conveyors above the 
bunkers. The system is arranged so that, when the 
station is complete and both towers are in operation a 
shutdown of one tower will affect only one section of 
the station. 

The coal, which is normally received by barge, is 
first handled by one of two hoisting machines operating 
13-ton clamshell buckets and delivered to receiving hop- 
pers in the tower. From the hoppers the coal passes 
to picking table conveyors, then through double-roll 
crushers to inclined flight conveyors. While being car- 
ried on the picking tables, all pieces of metal or other 
foreign materials are removed by an attendant. The 
inclined conveyors discharge the coal to the distributing 
conveyors over the bunkers. The entire coal-handling 
equipment from pier to bunker is in duplicate, either 
unit having sufficient capacity to take care of the com- 
plete station. 

Approximately 32 acres of the site, on the downstream 
side of the station, are reserved for coal storage. This 
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Fig. 6—Interior view of furnace, showing water-cooled 
section in side wall and bridge wall 
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will not be used immediately, however, as the main 
storage yard at Petty’s Island, which also serves the 
Delaware Station, is only about a mile away and has 
ample storage capacity (250,000 tons) for both sta- 
tions. As an additional safeguard about three days’ 
supply of coal is held at the dock in barges. 

For weighing the coal, as delivered to the station, a 
weightometer is installed on each inclined conveyor in 
the base of the tower. No provision is made for weigh- 
ing the coal fed to each boiler. An approximate check 
is made, however, by means of revolution counters con- 
nected to the evankshaft of each stoker. The amount 
of coal fed per revolution of the shaft is determined 
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control board or from the local stations, but must be 
opened from the local stations which are close to the 
valves. The main control board is in a room off the 
main turbine hall with convenient entrance from either 
the turbine or boiler room. 

As before stated, the combination of pressures and 
heat balance finally selected, called for three-stage bleed- 
ing of the main units and all electric auxiliary drive. 
The heat-balance arrangement, as finally 
is shown in the diagram, Fig. 8. 
condenser (see heavy line 
condensate passes through the 
operation to the first heater 


worked out, 
Leaving the main 
diagram, Fig. 8) the 
air ejector condenser if in 
, Which is supplied with steam 
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Fig. 7—Arrangement of intake and discharge tunnels 


from test on two of the twelve boilers 
equipped with coal scales 
testing purposes. 

All the high-pressure piping in sizes up to 20 in. is 
seamless steel tubing fitted with forged-steel flanges 
hammer-welded to the ends of the tubes. 
are used, they are also hammer-welded. 
small tongue and groove with 
bolt material is special chrome-vanadium steel having 
an ultimate tensile strength of 100,000 lb. The bolts 
are made in the forms of studs with two nuts 
being peened on one end. 

It might be recalled that the Philadelphia Electric 
was one of the first large utility companies to 
itilize motor-operated valves on high-pressure steam 
lines. In the Richmond station these 
tilized to the fullest extent. 
boiler and turbine loops, all high-pressure steam and 
oiler-feed lines are sectionalized with motor-operated 

ilves, the system being arranged so that any section 
an be cut out without affecting the operation of the 
lant. The valve motor controls are arranged so that 
ne valves can be closed either from the main station 


, Which are fully 
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In addition to the main 


(at 4 Ib. abs., with the turbine operating on a 40,000- 
kw. load) from the eighteenth stage of the turbine. 
From this heater it passes to the deaérator condenser 
and thence to the liquid heater and deaérator, where 
the temperature is further increased by steam (at 20 Ib. 
abs.) bled from the fifteenth stage. From the deaérator 
the water to the feed pump, which forces it 
through the evaporator condenser to the third heater 
and then to the boiler-feed line. While passing through 
the third heater, the water is raised to its final tempera- 
ture by steam (at 60 Ib. abs.) from the twelfth stave. 
Provision is made for bleeding the turbine at the tenth 
stage (95 Ib. for heating the building and 
supplementing the normal supply of steam to the evap- 
orator when an abnormal amount of makeup is required. 
The evaporator is normally supplied with steam from 
the twelfth stage. The use of bleeder heaters adds little 
to the complexity the station. No regulation is 
required for the amount of steam bled, this being auto- 
matically determined by the temperature and pressure 
conditions corresponding to the load carried. 

The feed pumps, which there are three for each 
50,000-kw. unit, motor-driven and turbine- 
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driven, take their supply of water from the deaérator, 
which also serves to control the water level of the feed 
system. The turbine-driven feed pump is for emer- 
gency service only and is arranged to come into service 
automatically in the event of the pressure on the feed 
line falling below a predetermined point. 
As previously mentioned, all the station 
with the exception of one feed pump per unit 


auxiliaries 
are motor- 
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being automatic by means of relays. In the event of 
both sources of power failing, a 2,000-kw. unit is 
brought into service to supply the auxiliary current. 
This unit, which is a 2,300-volt 3,600-r.p.m. machine 


operated non-condensing, is arranged to come 
ready for load in 15 The unit is started by means 
push buttons located at different points in the 
operating room. Closing any one of the push buttons 
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driven, and with the exception of the stokers motors ail starts a motor-driven oil pump on the turbine, and 


are alternating current. Motors of less than 50 hp. are 
served at 550 volts and those of greater capacity at 
2,500 volts. Any necessary speed regulation is obtained 
through the use of brush-shifting or slip-ring motors. 
All constant speed motors are full voltage starting. 
Power for the main auxiliaries is normally supplied 
through single-phase transformers in a bank connected 
to the main generator leads. This power can also be 
supplied from a 2,300-volt auxiliary bus, the change-over 


when the bearing oil has reached the proper pressure, 
a regulator in the oil line closes its controls and opens 
an electrically operated valve in the steam line to the 
turbine. 

The operating room of the station is on the top floor 
of a connecting building between the switchhouse and 
turbine hall and looks out upon the latter. The station 


is tied in with the other three generating stations ot 
the company through 13,200- and 66,000-volt lines. 
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Plant location. 

Capacity installed (1925) kw 
Capacity ultimate 

Area and volume of first section 


Engineering 
Engineering dept., 
building contractors 


John 


IMPORT 

Boiler surface to installed kw 
Furnace volume 
Furnace volume to boiler surfac 
Circulating water gal 
installed kw 

Installed kw 
capacity gal. per min 


per min 


ultimate kw. 
Boiler house 
Turbine hall. 
Switchhouse. 


(first section) 


BOILERS AN 
Manufacturer 


Type 


Manufacturer 
Type 

Surface pe r boiler, 
Ratio econ. 


sq. ft. are 
to boiler surface 


AIR 


Manufacturer 

Type. 

Surface per boiler, sq.ft 3 
Ratio heater to boiler surface 


Manufacturer (ten) 


3.1. Sturtevant 
Number per boiler 


Iiameter inside, ft : 
Height, above foundation, ft 
Breeching and flues 


Manufacturer 
Number installed. . 

Number of stages 

Bleeder points 

Steam pressure at throttle, Ib 
Steam temperature, deg. T° 
Water rate at 42,000 kw. 29 in 
Ty pe of generator 
Ioxciter 
Generator air cooler 
Ventilating air, 


r, sq.ft 
c f.m. 





PRINCIPAL EQUIPME 


Gh 


and equipment installation by 
r.Windrim, 


to installed kw. 


Condensing surface to installed kw. 1 


... Clearfield 
DRAFT? CQUIPMENT 


(two). 
Type : 
Active apes, 90-96 ........06.00008 
Drive, 15 hp. 250 volt. d.v 
Fuel e608 
Manufacturers et i 


PRIME 


NERAL 


Lewis & Delawar« 

100,000 

600,000 

Boiler house 79,170 sq.ft 
7,600,000 cu.ft 

Turbine hall 47,400 sq.ft 
6,200,000 eu.ft 

the Phila 

architect; 


Aves. 


Hlectric 


to boiler-feed pump 


Sq.ft. of area and cu.ft. volume per 


ANT RATIOS 
1.88 
0.935 
e. 0.496 
40 
to 
1.56 
2 
0.396 38.0 
0. 237 31.0 
0.156 14.4 


D SUPERHEATERS 
Babeock & Wilcox Co. 
Inclined water tube 


Number installed 12 
Heating surface, sq.ft... 15,697 
Furnace vol, eu.ft., 10 boilers 7,780 
2 boilers 7,860 

Heating surface per cu.ft. furnace 

Se, aa ea a erie 2.01 and 1.99 
Boiler pressure, lb. gage 400 
Total steam te mp., deg. F 707 
Make of enianacen Babcock & Wilcox 
Type. att ae . Triple tube, convection 
Superhe ater " surface per boiler 2,822 sq.ft. 
Ratio sup. surface to heating 

surface 0.1797 
Furnace water-cooled walls. Bailey Meter Co. 
Area in side walls, sq.ft. each. 105 
Area in bridge wall, sq.ft 305 


BCONOMIZERS 


sJabeock & Wilcox Co. 
inte ‘eral, two drun 
4,943 
0.479 
HEATERS 


Jabcock & Wileox Cc 
Tubular 
22,072 
1.404 


STOKERS 


American Engineering Co 
Westinghouse Elec. & Mfg. Co 
ISretort 25 tuvere Underfeed 
Taylor 362 Westinghouse 365 
Westinghouse motors 


1.1). Fans 
American Blower Cc 


ans 


) 
Capacity, cu.ft. per min. 60,000 45,000 
Pressure, ins. of water... 9.85 4.85 
Drive G.I. slip-ring motors G.E. slip-ring motors 
PLOTSOROWO?.... 0.0.0 00s ss 125 60 
STACKS 
Manulneturer.. «..5.<.0 6:60.60 Tr. H. Livezey & C« 
Number and type, | per 3 boilers. Steel, brick-lined 


81 
Connery & Co 
MOVERS 


General Eleetrie Co 


Twe 50,000 kw 
20 
Stages 10-12-15-18 
375 
675 
vac., lb. 9.55 (without bleeding) 
3 ph. 60 eve. 13,800 y 


250 kw. 250 y 
19,686 
110,000 


direct conneeted 


Cooling water required g.p.m 9,720 

Air cooler fans, four, 55,000 ¢.f.m. Green Fuel Meonomizer Co 
MAIN UNIT AUNILIARIES 
No. 10 Unit No. 1) Unit 

| Condensers . CH. Wheeler Mfg. Co. Westghse. Klee. & Mig. Ce 
Type aa 2 pass surface 2 pass surface 
Capacity steam 
per hr., Ib 500.000 500.000 

Surface, sq.ft 70,000 70,000 

Number of tubes 12,.720.. 12,734 

Diameter, inches 1 1 


NT OF 


Co 
Stone & Webster, 


RICHMOND 


Kind of tubes 


STATION 


Admiralty mixture 


Tube Manutacturer Scovill Mfg. Co. 
— American Metals Co. 

Ratio cond, surface a .4 1.4 

Cireulating Pump..... C.H. Whee qe ‘r Mfg. Co. Westinghouse Elee. 
& Mfe. Co. 

Number Sat ws ee 2 Cover ececvrsecevece 

Por CAC, Wi. PEO ose mck. soca wale cen 78,006 

Head, f Wa ccarania, a eanieaiea aie 19. 23 

rive ‘ 7a hp., ind. motor. .. 500-hp., ind. motor 

Condensate pumps “H. Wheeler Mfg. Co. Westinghouse lee 
& » Nite Co 

Number , rad sil Sica ves aAe Sia RRS 

© a y each, g.p.m ae 1,208 

Head, : wee I reer 151 

Deive ; _ 7” » ind. motor : 100-hp., ind. motor 

Air pumps... ... C.H. Wheeler Mfg. Co... Westinghouse Elee 
& Mfg. Co. 


Number and type 2 Rado-jet 


2 Hvdraulie 


HEAT TRANSFER EQUIPMENT 
Low-pressure heater Two, Cochrane Corp. 
Heating surface, sq.ft 2,560 
Capacity Ib. per hr... .. 450,000 
Max. steam pressure, Ib. abs 5. 21 
High-pressure heaters Two, Cochrane Corp. 
Heating surface, sq.ft... .. oc eee 
Capacity, Ib. per hr. with friction 


oss of 15.3 ft 600,000 
Max. steam pressure, Ib. abs 75 
Deaerators Two, Cochrane Corp 


Evaporators 


COAL-HANDLING 


Two Coal Hoisting Sets 

Coal Conveyors 

Coal Seales 
8automatie (4oneach test. boiler) 
2 weightometers (325 tons ench) 


ASH-HANDLING 


Two, 


Griseom-Russell Co. 


EQUIPMENT 
Link Belt Co 


Robins Conveying Belt Co. 


Richardson Seale Co, 
Mie rrick Seale Co 


EQUIPMENT 


Ash Gates - R. HW. Beaumont Co. 
Storage Battery Locomotive Atlas Car Mfg. Co 
PUMPS 


Boiler Feed 

Four 1,250-¢.p.m 
City Water Pump 

Iwo 2-stage, 60-2.p.n 
Condensate storage pulps 

One 2,200-2.p.m. turbine 
Sereen Washing Pumps 

Two 3-stage 500-¢.p.m 
River Water Pump 

Two 3,000-¢.p.m 
Fire Pump 

Two 1,500-¢.p.m 
Turbine pump 
iMmergency oil pump 
Heater pump 


motor-driven, 


motor-dr 


; one 4,000-¢.p.1 


oil storage 


MISCELLANEOUS MIC 


O1 | purifying equipment 
Cr ORATION so sk ctbcce wan eee 
Miscellaneous steel tanks. 


Air compressor 
Traveling crane 
Revolving screens 
Soot. blowers 


Feed-water reeulators 
Boiler-feed pump governors 
Water filters - 
Motor eontrols for valves 
High-pressure valves 

Stop and check 

Non-return 

Iimergence Vv trip 


Hydraulic rated valve 
d drain valve 


ter 


ope 


Mloat-operate 
Cireutatine w 
Blowoff 

valve 
Atmospheric 


Safety 


3 { 
relief 





driven; 


SHANIC 


Cameron; Ingersoll-Rand Co 
two 1,600-¢.p.m., turbine driven. 
Vorthington Pump & Maechy.Corp 


motor driven 


DeLaval Steam Turbine Co 
two, 500-g.p.m. motor-driven. 
lhe Goulds Pumps, Inc. 

Iven 
De Li 
a) 


Worthington Pump & Machy Corp 


ival Steam ‘Turbine Co 


Viking; W. HE. Egan Co 
Viking: W. H. Egan Co 
Worthington Pump & Machy.Corp 


‘AL LQUIPMENT 

De Laval Steam Turbine Co 
Andale lengineering Co 
Coatesville Boiler Works, I 

Iron Works, T. H 
iuge ‘rsoll- Rand Co 
Niles-Bement-Pond Co 
Link-Belt Co 
iamond; Diamond 

“pecialty Corp 
Copes; Northern Equipment Co. 
Rugeles-Klingermann 

Fisher Governor Co 
Roberts Filter Co. 
Cutler-Hammer Mfg. 
Lunkenheimer Co. 
Schutte & Koerting Co. 
Foster Engineering Co 
Schutte & Koerting Co. 
Atwood & Morrill Co. 
Atwood & Morrill Co 
Chapman Valve Mfg. Co 
Yarnall-Waring Co 
Consolidated Safety Valve Co. 
Atwood & Morrill Co 


aineaste! 
Livezey & Co 


Powe r 


Co. 


High-pressure piping M. W. Kellogg Co 
Pipe covering Mhret Magnesia Mfg. Co. 
Steam Traps Armstrong Mfg. Co 
Jorge hauling equipment Lidgerwood Mfg. Co 
Gages, Meter ind Instruments; Westinghouse Flee. & Mfg Co., 
Bailey Meter Co., Schade Valve & wee Co., General Tleetrie Co 
fenjumin bener Co., Foxboro Co., arnall-Waring Co., Prown Inst 
‘o., Elhoett ¢ Leeds & <r Dy cS Precision “ts trument Co., 
, Co., Crosby ony Gage & Valve Co., Ashton 
Tachometer Co 1G. Biddle Co., Asheroft Mfg. 
Co., Paul B. Hnyette Co., Casanave Supply 
Co., L. S. Starrett Co. 1 lee Development & Machine Co., Williams, 
iced & Karle Co., Cutler-Hammer Mfg. Co., Federal Gage Co., 
Mor Caleulating Machine Co., Philadelphin Meter Co., James 
Hogar & Co., Hershey Meter Co., Taylor Instrument Co.s, Fulton Co, 
Bleetrieal EF quipment: Westinghouse Blec. & Mfg. Co., General 
Klectrie Co., Condit Mlectrieal Mfg. Co., Electrical Development «& 
Machine Co., Weston Hlectrieal Instrument Corp., Eleetrie Storage 
Battery Co., Q.P. Signal Co., “utoeall C« 
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Some Problems in the Use of 
Pulverized Coal 


By A. G 


Professor of Mechanical Mnginee 


UCH has been accomplished in the successful 
application of pulverized coal to the furnaces of 
many boiler plants both large and_ small. 
Powdered coal has already established an enviable rec- 
ord for high economy in operation and for satisfactory 
performance. In such a rapidly developing art, how- 
ever, problems naturally arise which demand the atten- 
tion of engineers in their solution in order to improve 
further the art itself. Some of these newer problems 
are discussed and analyzed in the following paragraphs. 
The solution of some is already progressing. 
Engineers in general recognize that radiant heat is 
the most effective means of heat transfer in furnaces, 
yet it appears that its 


. CHRISTIE 


‘ring, The Johns Hopkins University 


understanding the failure to install driers has proved a 
serious handicap in the combustion of some coals. 
Driers are now more generally installed so as to per- 
mit a wider choice of fuels and to insure satisfactory 
operation under all conditions. 

Pulverizing equipment now on the market can be 
placed in three classifications: (1) Impact mills, (2) 
centrifugal mills and (3) ball or tube mills. The first 
two types usually operate at high speed and their parts 
wear rapidly, hence their maintenance costs are usually 
high. The third type generally operates at slow speed 
and should therefore have less wear and tear. How- 
ever, less development work has been done on the last 
type than on the others, 





effect in the drying of 
materials has not always 


APID development is always accompanied by 


although these mills have 
long been in use for pul- 


been given the consider- pressing problems. The author presents verizing coal in the 
ation that it deserves. suggestions for improving coal preparation and cement industry. Many 
Radiant heat can be an | burning, and evidence that ash may aid com- engineers feel that their 
important element, par- | bustion. He stresses the importance of adequate possibilities have not yet 
ticularly in drying a black | instruments and the need of a simple means for been fully developed. The 


body such as coal. If 
moist coal could be passed 
in a thin stream under 
black steam-heated drying 





checking the loss of carbon in flue gas. He ad- 
vocates the development of dust catchers as a 
social, if not an economic, necessity. 


rod mill has proved a very 
efficient and satisfactory 
| pulverizer for the reduc- 
ee ” tion of ores at mines. 








coils, radiant heat in 
large quantities would be transmitted from the coils 
directly to the surface of the coal and would be con- 
ducted from the surface into the coal particles them- 
selves. If a stream of warm drying gases or air were 
drawn through the coal at the same time, evaporation 
of moisture would be very rapid. This will be apparent 
from a consideration of the nature of drying phenomena. 

When a substance is dried by passing warm gas or 
air over it, the gas tends to saturate itself at wet-bulb 
temperature, giving up a portion of its own heat to 
evaporate the moisture. Evaporation takes place at 
wet-bulb temperature throughout the whole drying 
process, and the substance being dried remains substan- 
tially at wet-bulb temperature until dry, when it will 
naturally rise in temperature, as no more moisture can 
be evaporated. The drying medium, gas or air, should 
therefore have a low wet-bulb temperature. This is 
one of the advantages secured by the steam drier using 
atmospheric air over the waste-heat drier employing 
flue gases. When radiant heat is applied, the rate of 
evaporation is greatly increased, for this heat is added 
to that given up by the drying gas in evaporating the 
moisture. Radiant heat is said to have been successfully 
applied in certain industrial processes for drying other 
materials, and it is now proposed to apply this latter 
process to coal. 

Driers were not installed in some stations with cen- 
tral pulverized-coal systems and do not appear to be 
needed with certain classes of coals. On the other hand, 
the difference between surface and inherent moisture 
in coals is not well understood, and because of this mis- 


This mill has not, to the 
writer’s knowledge, been tried out on coal pulverization, 
although he urged its use several years ago. 

Much can still be done to decrease both power con- 
sumption and maintenance on pulverizing equipment 
now on the market. This is fully substantiated by a 
recent paper’ which details the steps in the mechanical 
development of a new unit pulverizer and the resulting 
improvements in performance. Similar development 
work on other pulverizers, particularly those of the ball 
and tube mill types, should yield equally satisfactory 
results. Little information is available on the main- 
tenance costs of unit pulverizers with various coals. 
This would be valuable information for engineers. Also 
little information is available on the effect of the ash 
content of coals on the pulverizing capacity of mills. 

Unit pulverizers must be located quite close to the 
furnaces they serve. Most of these are air swept, and 
considerable thought should be given to the prevention 
of possible explosions in these mills when shutting down 
with a hot furnace. Some arrangements are question- 
able on account of their liability to back-fire and ex- 
plosion under certain conditions. These designs should 
be rectified, for a bad explosion in any of this equip- 
ment would discredit unit pulverizers for a long time. 

Driers, pulverizers and transport equipment are often 
located in a preparation house separate from the main 
boiler plant. This can be amply justified in many loca- 
tions, such for instance as one where an old building 
was available for this purpose, or again where the coal 


“The Development of a Unit Pulverizer,” by R. Sanford Riley 
and ©. Craig. Mechanical Engineering, Mid-November, 1925. 
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will be unloaded and stored at some distance from the 
power plant and where it can be transported in the 
pulverized form cheaper than in any other way. Where 
such favorable conditions do not exist, it is difficult to 
justify the additional expense of a separate building 
for preparation equipment. This machinery can usually 
be housed in a section of the main plant at a lower cost 
than in a separate building. Objection is often raised 
that there is danger of explosion, but there is little 
danger if the ordinary rules of good housekeeping are 
observed and the pulverizing section is well ventilated. 
Preparation rooms should be kept scrupulously clean. 


THE ASH CONTENT OF COAL 


Large percentages of ash in powdered coal appear 
to have less effect on the boiler efficiency than in the 
case of stokers, and very dirty coals have been burned 
in the pulverized state. However, high ash content of 
the coal increases the cost of pulverizing and the wear 
on the grinding and transport equipment; it would 
therefore be desirable to treat the coal at the mine to 
lessen the ash content provided this preparation would 
pay for itself. Freight would be saved and less ash 
would be discharged from the chimney. 

Pyrites is particularly objectionable in coal that is to 
be powdered and should be removed if a cheap process 
can be devised. This impurity is often responsible for 
the rapid wear of the pulverizing mills and of the trans- 
port piping; it increases power for pulverizing and also 
lowers the fusing point of the ash in the furnace. Up 
to the present no satisfactory process has been devised 
to remove all pyrites from coal. 

While it would seem desirable to remove all ash from 
coal, there is another side to the question. Dr. R. 
Lessing, in a recent series of lectures in London on 
“Coal Ash and Clean Coal,” pointed out that the com- 
bustion of powdered coal may be greatly influenced by 
the catalytic action of the ash in promoting rapid 
chemical union of oxygen and fuel. He shows data that 
indicate that such catalytic action of the ash is present 
in the combustion of coal and suggests that this may 
explain the differences of action in the furnace of coals 
of similar character, but varying ash. It seems that 
ash as a catalyst also has some influence on the rate of 
decomposition of the coal during its coking period. That 
the ash in the coal may have a catalytic effect beneficial 
to combustion, will be a new thought to many engineers. 
This may suggest some new experimental work to de- 
termine the true nature and effect of this phenomenon 
and to indicate which of the various ash constituents 
has the greatest catalytic influence. 


PREHEATING THE COAL 


The writer called attention in another article’ to the 
desirability of preheating the powdered coal as well as 
the primary air, before it enters the furnace. This re- 
quirement has been questioned on the ground that there 
is no great gain in heat as a result of this preheating 
and that it induces coking and sticking of the coal in 
the burner mouth. Later data, however, indicate a sub- 
stantial gain from highly preheating the coal. 

Tens Rude, in a recent article on “Carbonization of 
Coal” (Gas Age-Record, Dec. 12, 1925), presents experi- 
mental data which show that the time of carbonization 
is greatly shortened by preheating the coal. 


He points 


‘Boiler Furnaces for 
ing, August, 1925. 


Pulverized Coal,” Mechanical? Engineer- 
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out that even moderately heated air when used to pre- 
heat the coal, tends to destroy its coking properties. This 
principle of preheating the coal to stop its coking tend- 
encies is used in the McEwen-Runge low-temperature 
carbonization process. Hence it should be possible with 
the proper method of preheating coal to secure the de- 
sired more rapid ignition resulting from the use of 
highly preheated coal and at the same time avoid stick- 
ing at the burner nozzle due to coking. No coking diffi- 
culties have been reported at the burners in a plant 
where air at 500 deg. F. is said to be used, and a short 
intensely hot flame is claimed. The preheating of the 
coal as well as of the primary and secondary air seems 
to be a logical step in development to increase rapidity 
of combustion and reduce furnace volume. 


FURNACE CONDITIONS 


Combustion must be complete before the flame enters 
the tubes if the best operating conditions would be 
secured. Ignition may be slow owing to undried coal, 
low-temperature primary air, or faulty admission of 
secondary air. Preheated air tends to remedy these 
conditions. 

The size of coal particle has much influence on fur- 
nace conditions. Too coarse grinding of certain coals 
results in slow and incomplete combustion. Finer grind- 
ing may remedy this trouble, but too fine grinding must 
be avoided. In his little book on “The Dust Hazard in 
Industry,” Gibbs states that sand particles of 0.004 in. 
radius will settle in still air at the rate of about 10 ft. 
per sec. while fine smoke particles such as cigar smoke 
of 0.00001 in. radius will fall only about 10 ft. in 30 
days or in fact scarcely settle at all. When powdered 
coal enters the furnace, it is heated to its carbonization 
point and later to ignition temperature by the radiant 
heat of the flame. Combustion proceeds as new supplies 
of oxygen reach the coal particle through the removal 
or penetration of the surrounding gases and products 
of earlier combustion. In other words, combustion 
proceeds as the coal particle penetrates fresh supplies 
of air and oxygen. Now if the particle is as fine as the 
cigar smoke, it will carry along in its own gases and 
will not penetrate the surrounding gas envelope. This 
will delay combustion and may even permit fine un- 
burnt carbon particles to pass through the boiler. Very 
fine grinding may produce such small-sized particles and 
may therefore be undesirable. Accordingly, attention 
should be given to the means provided in the various 
pulverizers whereby neither too coarse nor too fine coal 
leaves the mill. 

It has been pointed out repeatedly that turbulence is 
a desirable condition in a powdered-coal furnace, to 
break up the gas envelopes around coal particles and 
bring fresh oxygen in contact with the fuel, thereby ac- 
celerating combustion. The trend of design seems to 
be toward schemes to secure such turbulence. 

In some of the older furnaces with refractory walls, 
it was necessary to limit the furnace temperature by 
admitting excess air. When water-cooled walls are used, 
no such limitation occurs and the highest possible fur- 
nace temperature may be carried. Designs have al- 
ready been prepared with all sides of the furnace water 
cooled. Secondary air can be admitted to such furnaces 
by burners provided with mixing devices placed at the 
furnace and discharging the resultant jets so as to 
secure the desired turbulence in the furnace. This 
scheme, to be most effective, should have the secondary 





air supplied under a slight pressure, which can be done 
by the forced-draft fans of the air preheater. 

Trouble has been experienced in certain powdered- 
coal plants with slag on the first rows of boiler tubes, 
and an analysis of the local factors will generally in- 
dicate the cause of the trouble and the remedy. 

There are several factors that may contribute to this 
difficulty. The principal cause is the presence of in- 
completely burned carbon particles in the flame enter- 
ing the boiler tubes. This may be due to “short-circuit- 
ing” of the flame. That is, the flame or a portion of 
it, takes the shortest path from the burner to the tubes 
and enters the tubes while combustion is still in 
progress. In other cases, improper primary or sec- 
ondary air mixtures, too short a flame travel or too 
coarsely ground coal may cause the flame to enter the 
tubes before combustion is complete. In all these cases 
the trouble usually begins between the first and second 
rows of tubes. A hot particle of coal falls on top of 
the soot on the first tube and, being insulated from the 
cooling surface, continues to burn. Its ash fuses and 
forms a collecting spot for more coal particles. The 
resultant fused ash forms a cap over the tube which 
grows until it tends to drip between the adjacent tubes. 
The cooling effect of the tube causes the ash to “mush- 
room” until the passage between tubes closes over and 
then the lower side of the tube is soon covered. Once a 
center of slagging is formed, the trouble spreads rap- 
idly. Certain arch constructions that cause reverbera- 
tory effects, or that unduly shield heating surface from 
radiant heat, or that set up a throat effect with intense 
after-combustion, tend to aggravate the difficulty. 

Generally, a study of the various factors will indicate 
which one of these causes is influencing the formation 
of slag. The cleaning of tubes should be a thorough 
job, for any piece of slag left adhering to a tube may 
become a nucleus for slag formation when the boiler 
is again put in service. Clean boiler tubes do not slag, 
because of the rapid cooling effect of radiant heat 
transfer. 


CONTROL EQUIPMENT 


One the best performance from 
powdered-coal equipment unless the operators are pro- 
vided with first-class instruments to indicate operating 
conditions at all times. Furthermore, the operators 
must know how to use these instruments and how to 
control the pulverizers, fans, feeders, etc., in conform- 
ity with their indications. This fact should be pre- 
sented in the strongest possible fashion to owners of 
industrial plants who are contemplating the installation 
of pulverized-fuel equipment in small and often poorly 
equipped boiler plants with the expectation of realizing 
large savings in coal consumption. 
ment of 


cannot expect 


Their present equip- 
hand-fired grates or stokers often has not a 
single instrument to indicate performance or to guide 
the fireman. It seems unreasonable to expect any bet- 
ter performance from the same men with powdered 
coal without suitable instruments to guide them. Con- 
ditions can change so quickly in powdered-coal furnaces 
that instruments providing instantaneous indications of 
performance are indispensable. Such an instrument as 
the steam-flow air-flow meter seems suitable. 

Complete automatic control of the whole firing sys- 
tem is another desirable condition, but its cost is high 
for small plants; in faet, the justification of its expense 


in large plants has often been questioned. However, it 
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can generally be justified in the large plant on the basis 
that test conditions can be more nearly approached by 
automatic than by hand control, and the increased effi- 
ciency thereby obtained warrants the added investment. 


CARBON IN FLUE GAS 


In the operation of stokers one watches the quantity 
of the carbon in the refuse, and this is checked peri- 
odically in plants where high efficiency is desired. There 
is practically no carbon in the material that settles at 
the bottom of a powdered-coal furnace, and hence car- 
bon in such refuse is not checked. There may, under 
certain conditions, be considerable carbon carried in the 
flue gases, and this should be periodically checked. 

It is not an easy matter to check accurately the car- 
bon in the flue gas. In the first place there is the diffi- 
culty of getting an average sample of the flue gas with- 
out losing some of the ash that it carries. Even when 
a good sample is taken, it is difficult to separate the fine 
ash from the gas and to determine from the flue-gas 
analysis, the coal analysis, and the ash analysis, the car- 
bon lost per pound of coal. Engineers will welcome a 
standardized procedure. 

Carbon may be carried over with the flue gas when 
short-circuiting of the flame occurs so that carbon 
particles entering the boiler tubes before combustion is 
complete, are chilled below the ignition point. Slow 
ignition, too wet coal, coarse or exceedingly fine grind- 
ing, too low primary air pressure and poor secondary 
air admission may also be causes contributing to this 
carbon loss. Sometimes it is difficult to correct the 
trouble even when it is known to be present and some 
reconstruction is often needed. 


Dust CATCHERS 


The increasing use of powdered coal has created a 
demand for a cheap, small-sized and efficient dust 
catcher. Dust of almost impalpable size issues from the 
vents from certain of the pulverizing mills with central 
systems. The discharge of driers also carries consid- 
erable dust. Bin vents sometimes discharge dust. The 
presence of such fine coal dust is a nuisance around a 
plant which every engineer desires to prevent. How- 
ever, this dust is extremely difficult to catch and re- 
claim. Water sprays, bag filters, Cottrell electrical pre- 
cipitators and other types of dust-catching devices have 
been tried at various places, but all have their limita- 
tions due either to high first cost, bulkiness or low effi- 
ciency in operation with such dust. 

Much of the ash in powdered coal passes up the chim- 
ney as a fine powder. This material is simply earthy 
matter and at present has no commercial value. It 
would therefore not pay to reclaim it for industrial 
purposes, but there are social reasons why this dust 
should not be allowed to pass into the atmosphere, par- 
ticularly for power plants in large cities. Engineers 
should therefore exert every effort to stop this discharge 
of dust up the chimneys. Several devices are being 
tested for this purpose with promising results, though 
all are in the development stage. For chimney work 
the separation should be effected without cooling the 
flue gas and without too great draft loss. 

The foregoing paragraphs refer to problems that may 
be called the “growing pains” of a new art. 
sideration may suitable 


Their con- 


suggest modifications in new 


designs to avoid future difficulties and in present in- 
stallations to correct these troubles. 
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Recent Underfeed Stoker 


Developments 





HE underfeed stoker has been used for 
f igo twenty years, but its development is 
still the object of diligent endeavor on the part 
of its designers. Each improvement is au 
attack on some definite operating difficulty or 
thermal loss. This article outlines the losses 
chargeable to the stoker and shows how recent 
developments serve to these 
small proportions. 


reduce losses to 











N THE DESIGN of many pieces of machinery it is 
2asily possible to determine more or less offhand the 
proper proportions for various parts, and in exam- 
ining the finished product an experienced engineer will 
have no difficulty in developing an intelligent opinion 


of the merits of the machine through more or less 
superficial inspection, perhaps checked by simple 
measurements and calculations. 

With stokers, however, this is not possible. The 


only way to determine intelligently the merits of a 
stoker is to operate it for a considerable period, and 
perhaps with a variety of fuels. This makes progress 
in the development of stoker design necessarily slow, 
and it is not surprising if now and then a design fails 


to measure up to expectations. In a stoker in 


which 








Fig. 1—The four zones of stoker performance are not 
rigidly bounded, but are sharply enough defined to 
permit control of the air supply in four parts 


the proportions are in some respect not properly adapted 
to the conditions of operation, it is almost impossible 
to correct this failure by any modification of operating 
methods. On the other hand, a stoker that embodies 
proper design for the conditions under which it is to 
operate will greatly facilitate proper performance. For 
example, in the matter of smoke, in certain stoker in- 
stallations it is actually difficult to produce smoke with 
the varieties of coal that are usually used. 

It is well recognized that a stoker is an apparatus in 
which the fuel undergoes four distinct processes: (1) 


Drying out of moisture, (2) distillation of volatile mat- 
ter, (3) combustion of remaining coke, (4) combustion 
of residual unburned combustible and the cooling of 
the ash. These processes take place in reasonably well- 
defined portions of the stoker structure and a properly 
designed stoker will so proportion the feeding of coc 
and air that each of these processes is properly com- 
pleted in its turn with a minimum of loss. 
CHARACTERISTIC LOSSES 

Each of these four processes is accompanied by char- 
acteristic losses. The drying of coal naturally involves 
the absorption of considerable heat by the moisture 
evaporated, with the formation of significant quantities 

















Fig. 


2—Air-cooled secondary ram forming 
moving retort bottom 


of water vapor that pass the damper at 
peratures and 


elevated tem- 
‘carry off considerable heat. This is 4a 
loss which cannot readily be reduced, since there is no 
feasible method of removing moisture from coal except 
as vapor at fairly high temperature. Even with an 
external drier this is true, although with such equip- 
ment it is possible to employ waste heat to evaporate 
the moisture. In any event, the loss is hardly charge- 
able against the stoker. All that the stoker designer 
can do is so to promote drying that the process is com- 
pleted speedily and does not tie up too large a portion 
of the stoker structure. 

The drying zone in a stoker is naturally restricted 
by anything that facilitates the drying of the coal. 
Among such influences one of the most important is 
the use of preheated air, a practice which carries wit 
it other important benefits. 


SMOKE REDUCED BY AIR CONTROL 
The distillation of 
quantities of 


volatile 
combustible 
escape unburned. 
of the stoker air 
not embodying 
desirable 


matter liberates large 
gases, some of which may 
This loss is reduced by proper design 
control system. With old stokers 
recent improvements, it is sometimes 
to admit air over the fire at the front end 
of the stoker in such a way as to promote its thorough 
mixing with the volatile matter rising from the fuel 
bed. This air should preferably be preheated, and if 
flue preheaters are not used, a small supply of air may 
be passed through a hollow front wall or air may be 
drawn from the top of the boiler room, and admitted to 
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the furnace through perforated blocks above the ram- 
boxes. Admission of air at this point will often ma- 
terially reduce the tendency to smoke, a matter of 
prime importance in most plants. 

The combustion of coke is accompanied by two charac- 
teristic losses—the escape of unburned carbon monoxide, 
and the admission of too much excess air to the furnace. 
A pound of carbon burning to carbon monoxide develops 
only 30 per cent of its heating value. The remedy for 
this loss is much the same as that for reducing the loss 
of unburned volatile matter. The reduction of excess 
air is a matter of good construction and a design that 
makes it possible for the operator to control the air 
supply. 

The burning of residual unburned combustible in the 
refuse may stop short of completeness, with a resultant 
loss due to unburned solid combustible, for which the 
remedy is to be found in a better air supply and more 
time for combustion. If the refuse is ejected while still 
hot, there is a loss in its sensible heat, but this is small. 
The principal objection to insufficient cooling of the ash 
is the increased maintenance on the clinker-grinder rolls 
and other ash-handling equipment. The remedy is 
obviously to allow more time for cooling. 


RECENT STOKER IMPROVEMENTS 


Recent developments in the stoker field have coasisted 
of intelligent attacks upon one or more of these losses, 
all of which are to some extent under the control of 
the designer, who may vary air distribution, coal feeds 
in various parts of the stoker, and the dimensions and 
design of the ash pit. 

One of the serious potential losses in the burning of 
solid fuel is the admission of excess air to the furnace. 
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Fig. 3—Control of the air supply reduces excess air to 
a low value, as indicated roughly by high 
CO, in the exit gas 


This may readily be reduced by dividing the air supply 
into four zones, one for each of the foregoing processes, 
with separate damper control for each zone. Further- 
more, provision should, if possible, be made for thor- 
ough mixing of the gases rising from the various por- 
tions of the fuel bed, sufficiently early in their path so 
that combustion may be completed before the gases come 
in contact with the boiler surface. 

Another scheme for improving air distribution is the 





Vol. 63, No. 20 


use of a secondary ram consisting of a short tuyere 
stack which forms the retort bottom, and has a stroke 
adjustable from 3 to 6! inches. This increases fuel 
burning capacity per retort and gives improved air dis- 
tribution with reduced air pressure. Low combustible 
in refuse and low maintenance are claimed. 

The success achieved in reducing the loss due to 
excess air in stoker operation is indicated by Fig. 3, 
which shows the percentage of CO, actually obtained in 
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Cent 


mbustible in Refuse 
Per 

















0 s) 10 te 20 e5 30 


Total Hours in Ash Pit 


Fig. 4—The longer the refuse remains in the ash pit 
the more completely is it burned out, to an apparent 
limit of about 5 per cent combustible at twelve hours 


seven modern stoker plants at various rates of steam- 
ing. The highest values have naturally been obtained 
with preheated air, but in a number of plants using 
no preheat very creditable performances have been 
achieved. Some of these points correspond to the best 
boiler and furnace efficiencies thus far recorded. 

A noteworthy development has been in the recognition 
of the importance of ash-pit design and the application 
of experimental results to the design and construc- 
tion of actual stokers. This constitutes an attack upon 
the loss due to unburned combustible in the refuse 
whereby this loss has been reduced to the order of 0.5 
per cent of the heating value of the coal, through a 
reduction of the percentage of combustible in the refuse 
from a value ranging from 10 to 20 per cent, or even 
more, to a figure somewhat less than 5 per cent. This 
performance represents an approach to complete com- 
bustion that can hardly be excelled by any known 
method. 

The deep ash pit, with rotary clinker grinders, was 
introduced in underfeed stoker practice 15 or 20 years 
ago, and has since been in successful use. However, it 
has been customary to look pon this device as primarily 
a mechanism for the continuous removal of ash and 
clinker from the furnace without the disturbance to 
firing and the admission of excess air involved in the 
use of dump plates or other earlier devices. This is 
indeed a valuable feature of the rotary clinker grinder, 
but it has an added function in promoting the efficiency 
of the ‘combustion process which is commonly over- 
looked. An examination of patent claims running back 
for ten years or more indicates that this function of 
the clinker grinder was clearly recognized by designers, 
who have been continuously developing the device in the 
direction of improved furnace efficiency. 


PROPER AIR SUPPLY ESSENTIAL 


In order that the unburned combustible in the refuse 
shall be reduced to a minimum, it is necessary that air 
be supplied in adequate quantities to support the neces- 
sary combustion and that the admission of too much air 
to the furnace be strictly avoided, lest the loss due to 
excess air be increased to counteract the gain due to 
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reduced combustible in the refuse. Dampers must be 
provided in the duct supplying air to the ash pit. Re- 
cent experience indicates that the admission of air 
somewhat preheated is very effective in reducing the 
combustible in refuse to a low figure, and for that 
reason designs have been prepared whereby the back 
wall of the furnace is cooled by air on its way to 
a perforated casting in the face of the bridge wall, 
which forms one side of the ash pit. 

Another obvious requisite for the reduction of un- 
burned combustible in the refuse is that the material 
shall remain in the ash pit for a sufficiently long time 
for the completion of this combustion. Inasmuch as 
the combustible in the refuse is only a small proportion 
of the total mass, it burns very slowly and requires not 
only the encouragement of warm air but also a long 
time for its completion. 

Long-continued tests indicate that there is a definite 
relation between the residual unburned combustible in 
the refuse and the length of time that the refuse re- 
mains in the ash pit above the level of air admission. 
For short time intervals—that is, for small ash pits 
or rapid rates of feeding—the unburned combustible is 
a large percentage of the refuse. As the time interval 
is made longer by slowing the rate of feeding or by 
greatly enlarging the ash pit both in cross-section and 
in depth, the percentage of combustible in the refuse 
decreases rapidly with increase of time interval. After 
a fairly definite period is reached, however, further in- 
crease of the time does not result in any material re- 
duction in the unburned combustible. Apparently 
there is a minimum percentage of unburned combustible 
beyond which it is impossible to go no matter how long 
the time of exposure to air and heat. 

This information, carefully worked out experi- 
mentally by the stoker designer, makes it possible for 
him to lay out a proper ash pit for any given operating 
condition. This ash pit is designed of a size such that 
when passing material at the maximum expected rate, 
the time spent by the refuse in the ash pit is sufficient 
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Fig. 5—The growth of ash pits during the last twelve 
years has been striking 


to reduce the unburned combustible to substantially the 
minimum value. When the stoker is operated at re- 
duced ratings, the refuse remains in the ash pit for 
longer periods than are actually necessary, but this 
introduces no difficulties whatever. 

In a general way the width and depth of the ash pit 
vary with the length of the stoker. No rigid relations 
prevail, however, because of variations in the nature of 
the coal that may be used. Stokers must obviously be 
designed and chosen with regard to the service they 
are to perform. 

OPERATING METHODS 
It seems obvious that in operating a stoker of this 


sort the fireman must carry a high ash pit—that is, he 
must maintain the ash pit full of refuse at all times. 
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To this end, it has proved desirable if not essential to 
run the clinker grinder rolls continuously at a speed ad- 
justed to the prevailing rate of feed of the stoker. A 
wide range of speed is easily attained through the 
ratchet type of drive commonly used, sometimes in com- 
bination with a two-speed gear box or a_ suitable 
hydraulic pump and cylinder mechanism. It is possible 
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Fig. 6—This ashpit design gives excellent air 
distribution and control and prevents the 
possibility of ash arching and 
hanging in the ash pit 


to reduce the speed to a point at which the rolls rotate 
one revolution in seven or eight hours. 

It requires some effort to persuade firemen to carry 
a high ash pit, but it can readily be demonstrated that 
such operation is practicable and economically advan- 
tageous, except perhaps when burning unusually bad 
clinkering coal at high rates of firing. The modern 
underfeed stoker is able to burn coal which would have 
been impossible for older designs. Save under the mast 
exceptional circumstances, the method of operating 
with a full ash pit is proving entirely practicable. 

It is interesting to note the history of stoker design 
in this particular. Fig. 4 shows progressive ash-pit 
designs in the last decade, drawn to the same scale. 
The depth of the pit has increased from 3 ft. to 8 ft., 
the width growing approximately in the same propor- 
tion. Of course at the same time the size of the stoker 
has increased and with it the rate of feeding fuel and 
hence the rate at which ash enters the ash pit. <Ac- 
cordingly it is not proper to assume that the length of 
time a given particle spends in the ash pit is in direct 
proportion to the size of the ash pit. It is, however, 
true that the time spent in the ash pit by a given 
particle of refuse has increased materially, doubtless to 
two or three times the figure prevailing ten years ago. 

In recent designs the clinker grinder roll has been 
made much larger than formerly, especially for large 
stokers and for high ash coal. This makes the bottom 
of the ash pit wider and seems to give better operating 
results. 

Although this may appear to be a small and simple 
change in stoker design, it has taken a number of years 
of careful study and reflection to develop it, and it has 
proved to be very effective in reducing the particular 
loss against which it is directed. 

It is through precisely such small steps that the de- 
velopment of devices of this sort continually approaches 
the perfection at which engineering practice continually 
aims. Stoker development is going forward today 
faster than ever before. Study of operation defines the 
problems, and the ever-increasing skill of the designer 
speeds their solution. 





754 POWER 


Vol. 63, No. 20 


Considerations in the Selection 


Of Eleetric Motors 


BY J. ELMER HOUSLEY 





HERE are many factors that 

influence the selection of a 
motor and the kind of drive used. 
In this article the author considers 
this problem from the broad eco- 
nomic aspect rather than the in- 
dividual application. 





F YOU were asked to name the universal motor, 

would it be a squirrel-cage induction type, operating 

on three-phase 60-cycle current at 440 volts? The 
requirements of industry and the adaptability of elec- 
tric equipment militate against the adoption, exclusively, 
of the predominating motor just mentioned. For mod- 
erate-sized plants such a system has much to commend 
it. In analyzing the application of motors we should 
proceed from the available source of power, the voltage, 
frequency, phase and capacity of lines as related to volt- 
age drop at various demands. Next, the area to be 
covered by the distribution lines to the motors in- 
fluences the voltage, if a change is possible, and in turn 
the amount of conductor. The size of the plant, quality 
of labor employed, number of electricians employed or 
desired should influence the selection of the type of 
motor and control to be used, it being assumed that no 
unusual economic problems are present. 

The question of speed for the various motors will be 
influenced by size and tension of belts, speed reduction 
necessary, type of drive or class of machines to be 
driven, with many compromises advised to secure a 
small number of different speeds to permit interchang- 
ing of motors in case of trouble and to reduce number of 
spares required. In explanation of the influence of size 
of plant and labor conditions, it will be found that a 
moderate-sized plant with a small maintenance crew re- 
quires a simple installation using squirrel-cage motors 
because of the simple construction and small amount of 
maintenance required by such equipment. 

The next group considered is the larger plant or small 
plant with unusual conditions, and such plants may be 
expected to have a sufficient number of special drives to 
require two power systems or to justify a maintenance 
crew to care for motors of a “special” nature or that re- 
quire skilled supervision. 

A study must be made of the area to be covered and 
the size of motors required in order to determine if a 
portion of the larger motors may operate at higher volt- 
age, say 2,200 volts, or if the plant must be divided into 
“load centers” with group low-tension distribution. Only 
in such a plant would a direct-current system for special 
drives be considered, and where these drives are closely 
grouped, then the losses and benefits should be consid- 
ered for the group and not for the individual drives. 








Double direct-current motor rated at 7,000 hp. 


The requirements of adjustable speed alone, at the 
present time, do not necessarily justify direct-current 
motors unless close regulation and constancy of speed 
at any setting are essential or else some advantage is 
to be gained such as a straight-line variation of current 
with load to give closely regulated relay protection. 
Where only a few drives require speed regulation, often 
a slip-ring or polyphase brush-shifting motor would 
offer the best solution. 

Generalities may be misleading, so when treating the 
problem of special direct-current applications, they may 
be grouped into three classes having respectively a 
maximum demand of 25 to 75 kw.; 75 to 500 kw. and 
500 to 2,500 kw. Based on studies covering installa- 
tions in service, the first class was served by a 125-hp. 
induction-motor direct-current generator set. The sec- 
ond group, in a particular instance, indicated that a 
225-kw. generator and 300-kva. synchronous motor com- 
bination offered the best solution. The direct-current 
load consisted of direct-current trolley industrial loco- 
motives, cranes and close speed-regulated motors. The 
remainder of the plant power requirements consisted of 
a 1,500-kw. load of squirrel-cage motors with a power 
factor of about 75 per cent which the synchronous 
motor generator set materially improved. 

In the third group an installation having a demand 
of 2,000 kw. from heavy direct-current mill motors, re- 
quiring close speed regulation, a satisfactory installa- 
tion was made using a 2,500-kw. rotary converter. The 
power factor of the rotary is ordinarily kept between 85 
and 90 per cent by properly adjusted transformer taps 
and regulating the field rheostat of the converter. The 
mill auxiliary motors are squirrel-cage or variable-speed 
alternating-current type. This permits operation of 
shops and auxiliary service on holidays without in- 
curring the losses in operating a large rotary which 
would be equal to or exceed the auxiliary load required. 

Passing to the mooted question of individual versus 
group drives, we find that the trend is toward the in- 
dividual drive in process work in the average industrial 
plant. Certainly, when considering a group such as 
eight unit drives from a lineshaft operated by a 200-hp. 
motor, a considerable delay would be caused by a half- 
hour shutdown to splice a belt; in other words, there 
would be lost four unit hours. After all eight belts in 














ph 


as 


ath. emt tt th, PSO Gee 














May 18, 1926 


the group had been spliced 8 X 4, or 32 unit hours 
would have been lost. With individual drives the cor- 
responding loss would be four unit hours. This will 
indicate the economic advantage in the face of slightly 
increased motor losses and decreased power factor; how- 
ever, the latter may be counteracted by several methods. 

In industrial-plant machine shops the situation is 
slightly different, but in a majority of instances the 
group drive is confined to a few machines that may be 
classed as permanent and having a high percentage of 
time in operation. Machines of recent manufacture are 
usually designed for individual drive, and the drives are 
more easily guarded or may not require guarding at all, 
while older machines are sometimes equipped with such 
a drive only at considerably increased expense for proper 
speed-changing equipment and to meet present-day re- 
quirements for safety guards. Conversely, it is often 
an economic advantage to use a direct drive for a mod- 
ern machine rather than supply a large amount of shaft- 
ing, hangers, belts and guards, whereas the cost of the 
guard alone may sometimes exceed the cost of a motor 
necessary to drive the machine direct. 

Machine tools are precision equipment and in con- 
sequence expensive. This involves the question of the 
advisability of overmotoring such equipment by a 
large group motor. The possibility of machine and tool 
breakage is diminished by an individual motor care- 
fully selected to furnish the power demanded by the 
machine and protected by some relay device with very 
little time delay characteristics which will shut down 
the motor due to overloads which would stall the ma- 
chine or damage the equipment. The general layout of 
the shop in regard to assembly and fitting may either 
preclude or indicate the use of group drive, and this 
factor must be considered. 

Another phase of the matter is the lighting problem. 
Where artificial illumination must be used, the group 
drive may interfere with the proper placement of the 
lighting units whether of the incandescent or Cooper- 
Hewitt type. This interference can be remedied at less 
extra expense if it is handled as a co-ordinated problem 
when the shop is designed. Where a shop is engaged in 
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Vertical synchronous motor driving a 2,000-gal. per min. 
deepwell pump 
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Synchronous motor directly connected to ammonia 


compressor 


production work rather than job work, the group drive 
may offer distinct advantages in power consumption, 
better power factor, fewer motors and reduced motor 
maintenance. 

In the job shop or industrial plant shop a rearrange- 
ment of machines may sometimes be necessary due to 
change in class of work handled or in the type of ma- 
chinery in use; in such cases there is a chance for fore- 
thought in planning the motor drives. The direct drive 
permits the utmost in flexibility of shop layout and 
future alteration in location can be made with little in- 
convenience, especially where the wiring of the shop 
has been installed with such an idea in mind. The wir- 
ing mains may follow the crane girders on both sides 
of the shop with outlet boxes at each bay of the shop. 
Switches and control may be mounted against the col- 
umns supporting the crane runway, and ordinarily the 
machines will require only a short conduit to the motor. 


CLASSIFICATION OF MOTORS 


Summarizing the application of motors, we must ap- 
preciate the cardinal points of any installation; con- 
tinuity of operation, reliability and the safety of 
operators and equipment. The construction and insu- 
lation of the motors must be adapted to the conditions 
of operation. Where moisture or dust is present, the 
motors must be protected in accordance with the nature 
of the material as regards abrasion, current leakage and 
mechanical damage. Moisture and chemicals, when 
present, require insulation which will resist the action 
of the injurious matter. 3earings are furnished in 
various types to meet nearly all conditions of dust and 
loads. Temperature ratings of the motors may well be 
corrected to meet the load and ambient temperature in 
which they operate so that a safe temperature of the 
windings will not be exceeded. 

Full-voltage starting of squirrel-cage motors is now 
being adopted in a few plants for certain horsepower 
sizes, depending on speed, type of coils, construction of 
rotor and number of times the drive is started in a 
given period, also the nature of the drive. Some of the 
advantages are simplicity, automatic restarting, com- 
pensator elimination and low cost of installation. To 
offset the gains the starting current is increased to as 
much as ten times normal in some cases, severe vibra- 
tion of coils in starting, shock to driven equipment and 
the fact that each installation should be referred to the 
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Squirrel-cage induction motor dtiving a single-stage 
centrifugal pump 


maker to determine the suitability of the motor for this 
condition. The double-squirrel cage type is often 
recommended. 

The various motors made up in standard lines are 
yvenerally classified as constant speed; varying speed; 
multi-speed motors; adjustable speed; and adjustable 
varying speed. The last four are defined by the A.I.E.E. 
standards as follows: 

A varying-speed motor is one whose speed varies with the 
load, ordinarily decreasing when the load increases. 

A multi-speed motor is one which can be operated at any 
one of several distinct speeds but which cannot be operated 
at intermediate speeds. 

An adjustable-speed motor is one in which the speed can 
be varied gradually over a considerable range, but when 
once adjusted remains practically unaffected by the load. 

An adjustable-varying-speed motor is one in which the 
speed can be varied over a considerable range at any given 
load but when once adjusted varies with the load. 

Some of the constant-speed motors are the direct- 
current shunt, alternating-current synchronous, squir- 
rel-cage and wound-rotor types. 
general use. 

The varying-speed type is the direct-current series. 
This motor is usually applied to traction and crane 
service and fans or other positively driven loads. 

The compound direct-current 


These types are all in 


machine is in a class 


between the series and shunt types. Its speed charac- 
teristics may be practically the same as a shunt motor 
if the series winding is light. On the other hand, if 
the series winding is heavy the speed may vary over 
quite a wide range with variation in the foad. A series 
winding of the proper proportion connected in opposi- 
tion to the shunt winding will give the motor even a 
more constant speed than the shunt type. The motor is 
used on applications that have high static or high frie- 
tion loads at starting, such as machines with heavy fly- 
wheels or worm-geared elevators. 

The multi-speed motors are typified by the alternat- 
ing-current pole-changing type, 
slip-ring. 


either squirrel-cage or 
For a 50 per cent speed range a series-star 
connection for low speed and a parallel star connection 
for high speed are sometimes used. Two separate wind- 
ings may be used and the number of poles may be 
changed in order to obtain different speed changes. 
The adjustable-speed motors are the direct-current 
shunt-wound field-controlled type; direct-current 
arately excited with rheostatic-control; 


sep- 
direct-current 
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motors separately excited with adjustable or multiple 
armature voltages; and _ alternating-current  brush- 
shifting motors with shunt-motor characteristics. 
These motors are well known except possibly the brush- 
shifting alternating-current motor. This motor has its 
primary winding on the rotor and the secondary wind- 
ing on the stator; a “regulating” winding is placed in 
the rotor slots also and is connected to a commutator, 
while the primary goes to a set of slip rings. The phase- 
wound stator is connected to the brushes so that each 
phase is short-circuited when the two sets of brushes 
are in line, in which case the machine becomes an in- 
duction motor. Shifting the brush vokes in opposite 
directions, brings into action a part of the regulating 
winding whose voltage effects the change of speed. 

Adjustable varying-speed motors may include alter- 
nating-current wound-rotor with secondary resist- 
ance, also with pole-changing devices, and brush-shift- 
ing motors with series characteristics; direct-current 
shunt-wound motors with series armature resistance, 
compound-wound with field control or armature control, 
and series wound with armature control. Most of the 
direct-current motors of this class are for rather special 
applications and are sometimes difficult to operate and 
design, owing to the necessity of the torque having to 
be predetermined. The alternating-current  slip-ring 
motor is extensively used for pumps, fans and hoists 
where a speed range of 50 per cent is satisfactory and 
high starting torque is desired. These motors cannot be 
used on loads where the series characteristics of speed 
variation with load are undesirable. 

The alternating-current brush-shifting motor with 
series characteristics has an armature similar to a 
direct-current machine. The windings are connected in 
series through the brushes with the secondary of a 
transformer to reduce the voltage within commutation 
limits. The stator of the motor is similar to an induc- 
tion motor and is in series with the primary of the 
transformer. The motor behaves like a slip-ring motor, 
but has a higher efficiency at part loads and has a wide 
speed range of infinite steps. It is considerably more 
expensive to purchase and maintain. However, it is 
often economically justified for fan and other drives. 




















Squirrel-cage induction motor driving a large 
ventilating fan 
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Superheat and Reheat 


By B. N. BROIDO 


Consulting Engineer, The Superheater Company, New York City 





within which re-superheating may show approximately 
the maximum saving. Re-superheating more than once 
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ment, complication, etc... the gain possible by going 
through more than one stage of reheating would be 
comparatively small. 

The initial steam temperature is limited by the mate- 
rials now available for the construction of equipment. 
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gain would result from reheating would in the main 

be due to the increase in turbine efficiency resulting to the most severe conditions. It carries the steam 
from the reduced moisture content cf the steam in the at the highest temperature and is at the same time 
lower stages, rather than through the improvement in exposed to gases at still higher temperatures. The 


the cycle. The heat consumption of a turbine’installa- limitation for a superheater is, therefore, not the steam 
tion may be decreased from 6 to 7 per cent as a result temperature, but the temperature of the tube wall ex- 
of re-superheating the steam. posed to the gases. From this point of view high 


There seems to be a rather broad pressure range’ pressures are more desirable than high temperatures. 
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The higher the pressure, the denser is the steam, the 
vreater is its cooling effect on the tubes and the nearer 
is the tube metal temperature to that of the steam. 
For the same steam and gas velocity and the same final 
steam temperature, a superheater tube is better pro- 
tected from overheating by the higher steam pressures. 

The seamless open-hearth steel tubes now used in 
eertain designs can be applied safely for steam tem- 
peratures of 800 deg. F. There are now superheaters 
furnishing steam at these high temperatures with very 
little fluctuation at the various ratings. This is accom- 
plished by so locating the superheating surface in the 
vas path that the heat absorption by the boiler and 
that by the superheater vary in approximately the same 
proportion. Temperatures of 750 deg. and more can be 
adopted, since one can be sure that this temperature 
will not be greatly exceeded. These temperatures can 
be used with any pressures at present considered advis- 
able, up to 800 deg. and 1,000 Ib. per sq.in. 

lor the higher pressures smaller diameter tubes are 
used, so that the steam velocity keeps the temperature 
of the tube walls within safe limits. 


REHEATING 
Four stations in this country and one in England 
have demonstrated the entire practicability of reheating, 
and tests have borne out the expectations of improved 
plant efficiency. However, since the superheating of 
live steam usually takes place within the boiler setting 
and by the boiler gases, it was generally thought that 
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Fig. 4—Without reheating, excessive moisture impairs 
the efficiency and increases wear in 


low-pressure stages 


this would also be the best method for reheating steam. 
his is not necessarily true. 

There has been developed another method of reheating 
which is simpler and appears to have other important 
advantages. This consists of heating the steam from 
an intermediate stage of the turbine by live steam 
from the boiler. As the live steam is at much higher 
pressuve, all its latent heat can be utilized at a con- 
siderably higher temperature. A comparatively small 
imount of live steam is required for reheating. With 
1,000 Ib. of live steam about 20,000 Ib. of low-pressure 
steam can be superheated 100 deg. so that only 5 per 


POWER 





Vol. 63, No. 20 


cent of the steam used in the turbine will be required 
for reheating the low-pressure steam 100 deg. If the 
reheater is properly insulated, its efficiency is near 100 
per cent, since all the heat taken from the live steam 
is imparted to the low-pressure steam. The live steam 
condenses in the reheater and the condensate is returned 
either to the hotwell or directly to the boiler without 
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Fig. 5—High-temperature reheating almost 
eliminates the moisteure 


heat loss. The reheater is placed near the turbine so 
that long and large pipe connections between the turbine 
and the boilers are eliminated. 

Owing to the fact that the heat absorbed is the 
latent heat of the live steam, which is very easily given 
off, the heat transmission coefficient in the live steam 
reheater is high. 

The outstanding advantage of this method of reheat- 
ing is the simplicity of regulation, since all that is 
necessary is to adjust a comparatively small valve ad- 
mitting live steam to the reheater. 

With a reheater placed in the boiler setting, if the 
turbine is suddenly shut down, the reheater tubes are 
endangered by the gases in the boiler and by the heat 
accumulation in the brickwork. This is a serious dis- 
advantage of a boiler gas reheater. The maximum 
temperature, however, which occurs in a steam-heated 
reheater is that of the superheated live steam, which 
temperature cannot have any ill effect on the reheater 
tubes even with a sudden interruption of the 
pressure steam flow. 

There is another advantage of this method of reheat- 
ing as compared with others. With reheaters in the 
boiler setting, a considerable amount of low-pressure 
steam is contained in the large piping to and from the 
reheater and in the reheater itself. If, for some reason, 
the load on the turbine drops suddenly and the turbine 
governor valve 
be sufficient to cause the turbine to run away, except 
for low-pressure regulators or automatic valves which 
complicate the whole arrangement considerably. If the 


low- 


closes, this low-pressure steam would 


steam is reheated by live steam, the pipe connection is 
short and, owing to the possibility of crowding the sur- 
face in a small space, the volume of the reheater itself 
is also small, so that there is no danger of overspeeding 
the turbine and no special regulators are required. 
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As a matter of fact, the valves between the turbine 
and the reheater can be omitted. If for some reason, 
no reheating is required, or if the high-pressure coil 
in the reheater is defective, all that is necessary is to 
close the valve in the live-steam supply line and the 
turbine can operate with the steam passing from the 
high-pressure to the low-pressure turbine through the 
reheater. 

Figs. 1, 2 and 3 are diagrammatic illustrations of the 
three methods of reheating. Fig. 1 shows an arrange- 
ment of boilers and turbines with reheaters installed 
in each boiler setting. Fig. 2 illustrates an installation 
with one large reheater in one of the boiler settings. 
In both cases large pipe connections between the boilers 
and turbines are required to carry the comparatively 
low-pressure steam. Fig. 3 illustrates the method of 
steam reheating by live steam reheater and indicates 
clearly the simplicity of such an installation. Owing to 
the absence of long low-pressure piping, the steam- 
heated reheater can handle lower pressures than the 
boiler-room reheater, so that the reheating can be done 
at a later stage of the expansion. 

Since it is the latent heat of the live steam that is 
doing most of the heating, it is only necessary to have 
a small quantity of live steam. Therefore, a small 
pipe is all that is required, and this may be taken off 
the main steam line leading to the turbine throttle. 
The temperature to which low-pressure steam can be 
heated by high-pressure superheated steam is approx- 
imately 30 deg. F. above the saturation temperature of 
the high-pressure steam. The additional heat is 
tained from the superheat of the live steam. 

It is true that the low-pressure steam cannot be 
heated to the total temperature of the live superheated 
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Fig. 6—Steam reheating at lower pressure accomplishes 
about the same results as shown in Fig. 5 


steam. The thermodynamic gain is, therefore, not so 
great as when the steam is reheated in a boiler to the 
final temperature of the live steam. It is possible, how- 
ever, by reheating the steam by this method to keep 
practically all the stages of the turbine dry, the same 
as with highly reheated steam, thereby gaining the full 
practical advantage of reheating. With this method the 
steam can be reheated at a lower pressure than by any 
of the other reheating methods, since, because no long 
piping is required, the live steam reheater is capable 
of handling much larger volumes of steam than is 
possible with a reheater located in the boiler setting. 
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Figs. 4, 5 and 6 show diagrammatically the condition 
of the steam in the various stages of a nineteen-stage 
turbine without reheating and with reheating at two 
different temperatures. Fig. 4 shows the large number 
of stages of a turbine in which moisture is found and 
the considerable per- 
centage of moisture in 
the last stage when 
steam of 600 Ib. pres- 
sure is used without 
reheating. 
sectioned 


The cross- 
area repre- 
sents the stages in 
which the steam is 
wet. Fig. 5 shows the 
condition of the steam 
in the various stages 
of a turbine in which 
the steam is taken off 
at the seventh stage 
and returned to the 
eighth after having 
been reheated to a 
temperature of 700 
deg. Even with this 
high reheat there is 
still a small amount of 
moisture in the last 
two stages, as shown 








by the cross-sectioned 
area. Fig. 6 shows 
the steam condition 
for a turbine in which 
the steam is taken off 
at the tenth stage and 
returned to the elev- 
enth, having been re- 
heated in a live steam 
reheater to a tempera- 
ture of 515 deg., which 
is 30 deg. above the 
saturation tempera- 
ture of the live steam, 
or 280 deg. F. super- 
heat. Even with the 
lower reheat tempera- 





ture of this case as Fig. 7—A design fora steam- 
compared with the heated reheater 
preceding, the mois- 


ture in the last two stages is the same, due to the lower 
reheating pressure. 

It is clear from these diagrams that the main object 
of reheating—that is, having dry steam in all the 
stages possible—is as fully obtained with the live steam 
reheater as with other types. 

A sectional view of a steam reheater designed for 
400,000 Ib. of steam per hour is shown by Fig. 7. Steam 
to be reheated flows outside the coils carrying the high- 
pressure heating steam. Counter-current flow makes 
effective use of the superheat of the high-pressure 
steam. 

The low pressure drop through the live steam re- 
heater more than offsets the slightly lower thermody- 
namic efficiency. 

The simplicity of this method of reheating makes it 
especially desirable for modern power plants already 
burdened by complicated apparatus and piping. 
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Japan Builds Modern Plant 


The new steam-electric station erected ir 
City of Nagoya, Japan, for the Toho Ek 
Power (o. was recently dedicated. 

35,000-kw, G.E. turbine (below) is) noy 
operation, and a duplicate will be ru 
before the end of the year. The ultimat: 
pacity will be 140,000 kw Four wate) 
boilers (left), fired by three chain-grate sto 
each, supply throttle steam at 315° Ib, 
deg. F. Most of the equipment was imp 
from America and Iingland, although some 
built in Japan. 
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Two historic turbines 


Left Installed in Hartford 
Conn., in 1900, this 2,000-kw. 
Westinghouse turbine was 
the first horizontal machine 
in commercial operation in 
the United States 


below Original Holzworth 
gas turbine on. exhibition 
in the German Museum at 
Munich This, the first gas 
turbine ever operatea, Was 
built in 1908 and developed 
aa) hp at 5,000 rop.m, 


Photo bu Courtesy of “*V. D 




























Below—This new 35,000-kw. unit in the 
South St. Station, Providence, bleeds up 
to 60 per cent of the total throttle steam. 











{hove — Prof. Stau- 
er’s gas turbine, the 
itest invention in 
his field, is attracting 
eh atte ntion ii 
rmany. The im- 
ler is operated by 
ter set inmotion by 
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Choosing 


Economical Thickness 
of Heat Insulation 


By L. E. WHITAKER 


ITH fuel costs at their present level and with 
little likelihood of their being lowered, it will 
be found that plant superintendents and en- 
cineers cannot well afford to neglect the problem of 
proper heat insulation. The word “proper” has been 
used advisedly, for, while most engineers realize in a 
veneral way the need of covering on certain types of 
equipment, comparatively few have made a study of 
this problem, which, with the higher operating tem- 
peratures now being used, is becoming one of preat 
importance. 
Engineers should not be criticized for lack of in- 
terest in, or knowledge of, the problem in the past. for 
in addition to the factor of cheap fuel, which made 
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Fiu. 1—Curve illustrating fact that the percentage 
earned on the last increment of thickness 
is the determining factor 


such a study seem unnecessary, there was the fact that 
very little research work had been done and the ex- 
periments carried on by different investigators were 
incomplete. Such information as was available had 
been set up in a manner that made fair comparison of 
values very difficult. 

Recommendations made by manufacturers as to type 
und thickness of insulating materials to be used under 
different conditions may be right as far as they go, but 
in every case must be based on assumed conditions. 
Even though fair average values are chosen, it is more 
than likely that some of the conditions in any par- 
ticular case will vary from those assumed. The writer 
hus therefore attempted to arrive at some method that 
will make it possible for an engineering executive to 
upply reliable data to his own particular case. 

On analyzing the problem, it seemed advisable to 
divide the controlling factors into two classes: First, 
there are those—such as heat content of fuel used, 
specific gravity of fuel oil, number of hours equipment 
is In use per day and standard units of measure—that 
do not depend on location of plant, market conditions, 





HE charts in this article supply 
a rational and easily workable 
basis for choosing the most eco- 
nomical thickness of heat insulation 
for any given set of conditions. 











etc., and are not subject tc a great deal of variation. 
Then there are others—such as life of installation, cost 
of fuel, days of operation per vear, boiler or still effi- 
ciency, and desired return on investment—that will be 
different in each case considered. 

It is obvious that if all these variables are to be taken 
into account, computations must be made in some detail 
for each case. However. by assuming values for the 
first class of variables and for those in the second 
class that are least subject to fluctuation, it is possibl 
to work out a chart that can be used in connection with 
hcat-loss curves to determine the amount of money 
one is warranted in spending to secure any given in- 
crease in heat saving. 

Except in cases where insulation is used to secure 
only temperature contro] and where a certain cooling 
effect is desired, the problem resolves itself into one 
of balancing first cost against heat loss through the 
section, to the end that investment in the last increment 
of thickness results in a net return at least equal to the 
rate of interest set as a minimum. As the first layer 
of insulation usually results in a net return of from 
200 to 1,000 per cent and each additional thickness 
results in an additional saving less than that for the 
last equal thickness, it is apparent that, if figures are 
based on over-all saving of the entire section, there 
will be some part of the investment that will not earn 
the desired interest on investment. It is true that the 
installation as a whole will soon pay for itself, but, in 
doing so, the inner layers, whose earning power is 
great, will have to carry the outer layers, some of 
which would not be able to earn even depreciation. 

The following method is one that appeals to the writer 
as being a fairly direct way of arriving at the desired 
condition, in which the capital investment for the extra 
first cost of the last increment of thickness can be 
shown to earn the minimum return desired. 


First LAYER EARNS MucH More THAN OTHERS 


The relative earning power of various increments of 
thickness of insulation is illustrated in Fig. 1. Values 
have been chosen arbitrarily, so this curve shows only 
a general trend. A similar curve, plotted accurately 
and representing an actual set of conditions, would 
have all the general characteristics of the one shown. 
in that the net return from the first layer would be very 
high, that the rate would decrease for each increment 
and that beyond a certain point earning power would 
be so small that even depreciation could not be taken 
care of. 


As may be seen, in Fig. 1, each of the first four in- 
crements of thickness results in net earnings of over 
25 per cent. Additional thicknesses, 5 to 10, each earns 
more than 5 per cent on the investment, but the heat 
saving due to further increments is so small that, even 
when one is satisfied with a low return. the expenditure 
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necessary to secure them is not warranted. The ad- 
visability of recognizing this condition is clearly demon- 
strated by the fact that, while the average return for 
the first eighteen increments is 42 per cent, the net 
return on cost of the last increment of thickness is 
only 1.1 per cent, which is below any reasonable min- 
imum interest rate. 

In view of the foregoing conditions, it is apparent 
that, in using heat-loss curves and the chart shown in 
Fig. 2 for arriving at economical thickness, care should 
be taken to compare any section under consideration 
with the next commercial thickness. When 
only such small differences in thickness are 
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hand. Of the assumptions made, the following are 
most subject to variation: number of days in service 
per year, return on investment and boiler or still effi- 
ciency. The other figures will undoubtedly be reason- 
ably close to correct values, in most cases. 

The values shown in Fig. 2 were arrived at by equat- 
ing “annual saving due to reduction in heat loss of 
10 B.t.u. per hour” and “annual cost, which includes 
depreciation and the desired interest on investment.” 
In using only this chart, the resultant figures apply 
to no particular unit of measurement, for, as the reader 


“se 





considered one is able to approach very closely 

the ideal condition, in which the last small 
increment earns just the minimum return de- = 300 
cided upon. If larger differences are allowed, 
it will be found that, while additional expendi- 
tures may seem to be warranted, one would - 500 
actually be using too much insulation. This is 
true because the figures apply to an average  ‘~ 
wer too large a part of the curve shown in 5 
Fig. 1, and the minimum return, which should 800 
be the limiting condition, is much lower than 














the average return for the large increment 

considered. Always limit comparisons to the 

smallest practical difference in thickness. Fig. 

The solution of our problem would be simpli- 

fied if all manufacturers would set up heat-loss figures suo 
that total loss through one linear (or square) foot of a 
given section could be determined for any temperature 
lifference (pipe to room) by simply referring to a table 
x chart. This is desirable, because, in the final analysis, 
it is the total heat loss or saving, not the efficiency of 
section or loss per degree difference in temperature, that 
must be compared with the The 


‘ost of insulation 
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will appreciate, the saving of 10 B.t.u. per hour, regard- 
less of the method used, will 


warrant some certain 
maximum capital expenditure. 


However, as heat-loss 
curves are plotted to show values per square foot or 
per linear foot, as the case may be, the allowable ex- 
penditure, as found from Fig. 2 when used in connec- 
tion with heat-loss figures, then applies to these same 
units. As curves” representing for 


values various 













Fig. 2—Chart giving allowable expen 

diture to save 10 B.t.u. per hour at the 
insulated surface. It is based on thy 
following assumptions: 300 operating 
days per year; 24 operating hours per 
day; 2,000 lb. of coal per ton; 13,000 
B.t.u. per lb. of coal; 42 gal. per barrel 
of oil; 7.75 lb. per gallon of vil; 18,500 
B.t.u. per lb, of oil; 70 per cent boiler 
or still efficiency; 25 per cent minimum 

return on investment 
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‘oregoing units (square foot and linear foot) have been 
‘thosen because they are the ones most commonly used 
in pricing materials. 

In order to simplify the procedure, it was deemed 
advisable to assume values for all except the two most 
important variables, namely life of installation and 

lue of fuel fired. The assumptions made in plotting 

v. 2 are given in the caption. If these values are 

reciably different from the correct ones, in any case 

der consideration, it will be an easy matter to prepare 
similar chart using data that apply te the ease at 


lengths of life of installation are straight lines and 


begin at zero of both co-ordinates, Fig. 2 can be plotted 
by computing a single value for each life of installation 
considered. 


Fig. 3 shows the absolute conductivity of various 


commercial heat-insulating materials as determined by 
R. H. Heilman." Inasmuch as these values are plotted 
against mean temperature, they may be used in com- 
puting losses through any desired combination of ma- 
terials. These values have been used in arriving at 
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heat losses (Figs. 4 to 8), because, in addition to the 
fact that they are set up in usable form, they are the 
result of an extensive and accurate series of tests car- 
ried on by a research organization of national standing. 
In the writer’s opinion, Mr. Heilman’s paper, presented 
before the American Society of Mechanical Engineers 
at the May, 1924, meeting, is the most complete and 
most valuable publication on heat insulation available 
at this time. 

The universally accepted formulas’ for computing 
heat losses through insulating materials have been used 
in arriving at values given in Figs. 4 to 8. These 
formulas have been verified by so many tests that there 
is no question as to their being correct, at least within 
practical limits. Even though they were slightly in 
error, their having been used in arriving at absolute 
conductivities would tend to compensate for the error. 

ASSUMPTIONS MADE IN PLOTTING CURVES 

The actual method of computing heat losses used is 
that outlined by Mr. Heilman in the paper just men- 
tioned. It has been assumed that the temperature of 
the metal surface and the inside surface of the insula- 
tion will be the same and that, where two layers of 
material are used, the outside-surface temperature of 
the inner layer and the inside-surfaee temperature 
of the outer layer will be the same. Any error in- 
troduced by these assumptions is too small to make any 
practical difference, and inasmuch as they involve 
neglecting small temperature drops in the section, they 
result in figures that are conservative rather than over- 
optimistic. 

As space will not permit the plotting of curves for 
all types or kinds of coverings that might be under 
consideration, it was deemed advisable to show a fairly 


PIPE-COVERING FACTORS 

— Temperature Difference, Pipe to Air . 

100 200 300 400 500 600 700 

Pype of Covering I i I I F 7 F. 
§5¢% magnesia 1232 FNM TF. Po) 6 41.898 «61.062 1.08 
Nonpareil (.3hS §.360 F.385 1.279 F.250 4.2208 «61986 
\sbestos-Sponge Felted 1.045 1.038 1.033 1.026 1.021 1.014 1.010 
Hi-Temp Le 1.283. 1.258 1S TTS UTS) «67885 
imperial 545 |.474 1.44) 4.409 1.363 1.360 1.345 

Carocel. .. 1.3589 4.980 (1.393 1.323 Re 
Pyrex v2oe 4.796 F088 1.5 |P.172 £66 6F.6O 
Air Cell '.529 1.550 1.580 1.605 ‘ 
\sbestocel 3 1. 535 1.565 1.610 1.649 B 
re-Felt, | in. thiel 2.206 2.118 2.040 1.979 1.927 1.877 1%.840 
Vire-felt, 1.5 in. thiek 2.090 2.001 W927 1.865 F.8tt 6Vu76l 62.722 
complete set of curves for Multi-Ply (a laminated 


asbestos insulation) with the suggestion that in making 
comparisons, the table of factors given in the accom- 
panying table be used. These are taken from Table V 
in Mr. Heilman’s paper. The product of the proper 
factor and the heat loss through Multi-Ply covering 
vives the heat loss through the covering under con- 
deration. 
In using these factors to obtain heat loss through cov- 
ing other than Multi-Ply, it should be borne in mind 
at results will be reasonably close approximations— 
ot accurate values. 
If values for heat loss through different thicknesses 
’ covering were desired for each pipe size, it would 
necessary to have a large number of tables or curves. 
or the purpose of arriving at economical sections of 
sulation this will not be necessary, for so far as 
onomical thicknesses are concerned, a thickness for 
pipe size will apply to others that are reasonably 
se to the one for which detailed values are worked out. 
An example showing the suggested use of charts 


eA... S. MM. Ti Fi 


oceedinas, May, 1922 
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will probably make the method clearer than a lengthy 
discussion. The following conditions will be assumed 
as those prevailing in some particular case where there 
is doubt as to the thickness of insulation that should 
be used. 


Sup:rheated steam temperature, deg. F ? ; ; 759 
Air temperature, deg. F ar 70 
Fuel value dollars per bbl. of oil (fired) : : : ; $1.50 
Following costs for insulation applied, dollars per sq ft 
3-in. block thickness plus {-in. eement : soe kiehe $1.00 
3$-in. bloek thiekness plus {-in. cement 1.10 
4-in. block thickness plus {-in. eement Nee 
43-in. block thiekness plus ?-in. cement z 1. 40 
Minimum return on investment, per cent ae 
Useful life of installation, vears ; 10 


Inasmuch as the temperature encountered is higher 
than that at which 85 per cent magnesia or laminated 
asbestos begins to fail (the usual accepted limits are 
600 deg. F. for magnesia and 400 deg. for asbestos 
paper), it will be necessary to use some form of high- 
temperature insulation for at least the first layer. As 
a general rule it will be found that, if approximately 
one-half the total block thickness is composed of the 
high-temperature insulation, the maximum temperature 
in the outer layer of the blocks will be within safe limits 
for the more effective insulators. 

Some materials capable of withstanding temperatures 
up to 1,000 deg. F. are good insulators, but as none of 
them is equal, in the lower temperature range, to 85 
per cent magnesia or the higher-grade laminated asbes- 
tos coverings, it will in most cases, be advisable to use 
a combined section composed of an inner layer of high- 
temperature insulation and an outer layer of the more 
effective materials. 


PRACTICAL PROBLEMS WORKED OUT 


As the manufacturers’ recommendations are probably 
based on economical sections for average conditions, it 
will be well to compare the heat loys through the in- 
stallation recommended for the assumed temperature 
difference (750 — 70 680 deg.) with the heat loss 
through sections } in. thinner and } in, thicker. 

The section recommended by one manufacturer 
this temperature is 2-in.-thick Hi-Temp, 2-in.-thick 
Multi-Ply (or 85 per cent magnesia) and j-in.-thick 
Asbestos-cement plaster coat. The loss through this 
section, when Multi-Ply is used as the outer layer, is 
82.5 B.t.u. per sq.ft. per hour (see Fig. 4, showing 
losses through insulation on flat or large-radius curved 
surfaces). For the same temperature difference it will 
be apparent from Fig. 4 that the loss through 14 in. 
Hi-Temp, 2-in. Multi-Ply and j-in. cement is 93.5 B.t.u. 
per sq.ft. per hour and that the corresponding loss for 
23-in. Hi-Temp, 2-in. Multi-Ply and {-in. cement is 74.5 
B.t.u. per sq.ft. per hour. 

By referring to Fig. 2, it will be found that, under 
assumed conditions, a saving of 10 B.t.u. per hour will 
be worth while if it does not require an additional in- 
vestment in excess of $0.115. 


for 


The recommended section 
saves 11 B.t.u. per sq.ft. per hour more than the next 
thinner one. The product of $0.115 and 1.1 will then 
give the allowable expenditure, which is $0.127 per sq.ft. 
This is so close to the $0.15 difference in cost that either 
section could be considered as being satisfactory. If 
conditions are as assumed in Fig. 2, and 25 per cent net 
return is an absolute minimum, it is probable that the 
less expensive section will be chosen, but if there are 
reasons for believing that an average of fuel costs over 
the life of installation will be greater than the $0.355 
per million B.t.u. assumed, it would seem advisable to 
use the thicker section. 
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in ease it is decided to use a total block thickness of 
only 3 in., it will be advisable to use 14 in. of Hi-Temp 
and 1\ in. of Multi-Ply in order to make sure that the 
inside surface temperature for the outer layer will be 
reduced to within safe working limits. 

The saving in fuel through insulation is usually con- 
sidered to be the only benefit derived through the use of 
coverings, but while it is probably the largest and most 
easily demonstrated gain, there are other advantages 
that should not be overlooked. One is that a _ well- 
insulated system will secure the same results as a poorly 
insulated one, with less forcing. This results not only 
in reduced fuel consumption, but in greater life of 
equipment and lower maintenance costs, 
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Where steam must be carried through long lines, it is 
often necessary to use more covering than the economi- 
cal thickness called for by fuel value alone. 

Each individual heat-insulation problem is worthy ot 
considerable thought, and in the case of large installa- 
tions the engineering executive in charge of design will 
do well to go into the matter of type and thickness of 
material quite thoroughly. In such a case it would be 
better to compute annual costs and savings accurately, 
using actual values applying in the particular case at 
hand for all factors entering into the problem. Then 
some such method as that outlined may be used as a 
check and will be found of value in determining thick- 
nesses within which to limit detailed investigation. 


The Instrument Layout from the 
Investment Viewpoint 


The Economic Principles Underlying the Intelligent Selection 


of Power-Plant Instruments 


NSTRUMENTS, like other items of power-plant 

equipment, are sometimes purchased on the basis of 

hunch, whim or passing fancy. But there is a grow- 
ing tendency in modern industry to replace prejudice by 
analysis. It is assumed that the reader of this article 
approaches the problem of instrument layout as an en- 
yvineer and a business man—that his sole idea is to in- 
vest money wisely. 

Before he can make a wise selection of instruments, 
he must yather data on first cost, rate of depreciation, 
cost of maintenance and supervision, and the probable 
yross savings obtainable with each type considered. 
The last-named item is of primary importance, but is 
venerally hard to estimate because of the intangible 
nature of some of the elements involved. In most cases 
only a rough evaluation of these elements is possible, 
but this is no sound reason for overlooking them. They 
exist and it is certainly better engineering to make 
even an “educated guess” at their value than to over- 
look them entirely. 

Most of the present article will be devoted to this 
question of estimating the gross saving, with an out- 
line of the general method of determining which of sev- 
eral propositions is the best investment. 

The most common motive for the purchase of power- 
plant instruments is an anticipated saving in fuel due 
to more intelligent operation. In evaluating a fuel 
saving, the cost of firing should be added to that of the 
coal as delivered at the plant. Moreover, it sometimes 
happens that the increased efficiency or capacity made 
possible by the use of instruments postpones the neces- 
sity of enlarging the plant. In such cases the corre- 
sponding saving in overhead should be credited to the 
instruments. 

Amony the less tangible gains are improved working 
conditions, the supplying of reliable data for the general 
accounting system of the manufacturing plant or pub- 
lic utility of which the power plant is a part, reduced 
outages and generally improved character of the service. 
The plant with instruments makes more appeal to the 
intelligent employee. Morale is improved where definite 
comparative records replace guess and gossip. 


The average business spends from one to three per 
cent of its gross revenue in maintaining the account- 
ing system. Many of the instrument records can enter 
into these general accounts and thus assist greatly in 
the intelligent conduct of the business. This is in ad- 
dition to their use in connection with the power-plant 
record system. In certain cases instruments have been 
installed for the sole purpose of obtaining trustworthy 
information needed as a basis for making plant ex- 
tensions. 

All these gains must be estimated as part of the 
vross saving due to instruments, although the fuel sav- 
ing is generally the only one that can be expressed in 
dollars with anything approaching accuracy. 

It will now be worth while to consider some of the 
applications of instruments in the power plant, noting 
the particular ways in which they may lead to savings, 
and outlining methods of estimating some of these sav- 
ings. To limit the discussion and to avoid going into a 
field already well standardized, no attention will be paid 
to switchboard or other strictly electrical instruments. 

Starting in the boiler room as the most fertile ground 
for saving money by instruments, one thinks first of 
dratt gages. There is probably no other equally smal! 
power-plant investment that can yield such a large re- 
turn. Draft gages fall in the class of bread-and-butter 
essentials. Without their aid intelligent operation ot 
a boiler is impossible. The draft drop through the tubes 
is a measure of the gas flow and roughly of the boiler 
output. When the draft through the fire varies ap- 
preciably from the normal for the given rating, the in- 
telligent fireman at once looks for a defective fire—too 
thick or too thin, clogged or full of holes. 

With forced dratt the damper can be regulated to 
maintain a small constant draft over the fire. This will 
greatly reduce the heavy loss due to air infiltration and 
at the same time protect the refractories from excessive 
temperatures. The savings obtainable in these various 
ways are so uniformly large that one may safely instal! 
the best draft gayes obtainable without going to the 
trouble of making any computation of the savings 
Draft gages, like steam gages and safety valves, should 
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be installed without question on every power-plant boiler. 

The situation with respect to the measurement of feed 
temperature is much the same. The fact that each 10 
deg. rise in feed temperature saves about one per cent 
of the coal bill is one reason for this. Another is that 
variations of feed temperature set up injurious strains 
in the boiler. In most plants the additional control 
made possible by the recording type of instrument will 
well repay the extra cost. 

Measurements of flue-gas temperature are essential 
to economical operation. Since it is not in accordance 
with human nature for firemen to climb ladders every 
few minutes to inspect mercury thermometers, the flue 
temperature is almost invariably registered in modern 
plants by instruments on the operating level. Here 
again the recording instrument permits a check-up. It 
also shows nicely the progressive accumulation of soot 
and scale. 

30ILER INSTRUMENTS SAVE MucH MONEY 


Where it is due solely to inefficient heat absorption 
in the boiler, the loss from excessive flue temperature 
amounts to about 5 per cent of the fuel bill for every 
hundred degrees. The correct flue temperatures for any 
rating can be determined by operating the boiler in a 
careful manner just after the unit has been overhauled, 
tubes cleaned inside and out, baffles repaired and setting 
made tight. If firing methods continue good, a rising 
flue temperature indicates scaled or soot-covered tubes, 
or leaky baffles. Without an instrument the fireman 
would be unlikely to pick the correct time for cleaning 
and repairs. 

Rises in flue temperature are also caused by excess 
air due to leaky setting, holes in the fire, etc. In this 
case the loss is much more than 5 per cent of the fuel 
bill because the higher temperature is merely a symp- 
tom of the greater quantities of heated gases passing 
to waste. 

The two most important measurements in a power 
plant are the coal consumed and the electrical energy 
venerated. These two tell the story of the over-all per- 
formance of the plant. Combined with the steam out- 
put, the coal weight likewise gives the boiler-room per- 
formance. In addition to providing for weighing the 
coal as delivered to the bunkers, it will generally pay 
to weigh, by larry or otherwise, the coal supplied to in- 
dividual boilers. In connection with steam meters or 
feed-water meters, this permits determination of the 
over-all performance of individual boilers. It shows 
which boilers are at fault when the performance of the 
boiler room as a whole falls off. 

Feed-water meters, steam-flow meters (on boilers), 
CO, recorders and steam-flow-air-flow meters should be 
considered in connection with each other because the 
use of one affects the application of the others to some 
extent. It is almost universally conceded that there 
should be some method of measuring the total evapora- 
tion, since this represents the boiler-room output. With 
very small boilers a single measurement for the boiler 
plant is sometimes considered sufficient, but with boil- 
rs of medium or large size individual measurement is 
renerally favored, with group or boiler-room measure- 
nent as a check. Experience shows that a continuous 
heck on the evaporation per pound of coal will reduce 

iel consumption at least 5 per cent in the average 
lant and sometimes much more, due to the continuous 
incentive it gives the operatives to make a good record. 
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The only question that ordinarily arises in this con- 
nection is whether a feed-water meter, a steam meter 
or both should be used. Considered individually, each 
has its advantages. The best water meters are gen- 
erally somewhat more accurate than steam meters, be- 
cause of the unavoidable variations in steam pressure 
and quality (or superheat). On the other hand, a good 
steam meter is reasonably accurate and has certain ad- 
vantages. The water meter requires deduction of the 
blowdown before the evaporation can be obtained. Only 
the steam meter can give a true instantaneous reading 
of the rate of evaporation, since the rate of feed never 
keeps exactly in step with the evaporation except in 
certain rare cases where the load is absolutely constant. 

To get all the advantages of both types of meters, the 
larger and better-equipped boiler plants generally use a 
combination of feed-water meters on groups of boilers 
and steam meters on the individual boilers. Some of 
the smaller plants, however, feel limited to the choice of 
one or the other. 

The decision is further complicated by the primary 
importance of maintaining the proper ratio of air to 
fuel burned to keep down the chimney losses. Where 
no instruments are provided to guide the firemen in 
maintaining this ratio, the resulting unnecessary waste 
of fuel often amounts to 10 per cent of the total fuel 
consumed. 

One common method of watching the fuel-air ratio is 
to measure the CO, in the flue gas either automatically 
or by analyzing occasional snap samples in an Orsat. 
The other is to use a steam-flow-air-flow meter, which 
helps the fireman to maintain a constant ratio between 
steam production and the flow of gas through the boiler. 
If he succeeds in this, the air-fuel ratio is automatically 
maintained. The complication arises from the fact that 
the selection of a steam-flow-air-ilow meter obviously 
equips the boiler with a steam-flow meter and to that 
extent reduces the necessity for a feed-water meter, 
The previously mentioned compromise, slightly modified 
to give steam-flow-air-flow meters on each boiler and a 
feed-water meter for each group of boilers, would fit in 
nicely here. 

Where steam-flow-air-flow meters are installed, the 
automatic CO, recorder is sometimes omitted, a hand 
Orsat being used for occasional check up of the settings 
of the instrument pens for the proper ratio of fuel 


to gases. 
RECORDERS FOR COMBUSTIBLE GASES 


In the matter of keeping down flue-gas losses there 
is one limitation which the ordinary CO, recorder 
shares with the steam-flow-air-flow meter. That is the 
failure to indicate the loss due to incomplete combustion. 
A combination recorder for CO, and combustible gases 
permits operating at high CO, without stepping over 
the danger line of incomplete combustion. Where com- 
bustion is controlled by steam-flow-air-flow meters or 
by a CO, recorder, the flue gases should be occasionally 
checked for combustibles with a hand Orsat. 

Returning to steam meters, their field extends far 
beyond the boiler room. Wherever large quantities of 
steam are delivered to any steam-consuming unit or 
group of such units, the advisability of applying such 
a meter should be considered. The most obvious loca- 
tion outside of the boiler room is in the line to each 
main unit. In connection with the watt-hour meter the 
steam meter permits instant detection of any increase 
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in steam rate. If 
normal, erosion or 


vacuum and steam conditions are 
other trouble in the turbine is in- 
dicated. 

In the same way a steam meter on the line-to a group 
of auxiliaries will at once reveal any general falling off 
of auxiliary efficiency due to pump slip, leaky steam 
valves, worn impellers, etc. 

One of the greatest fields for steam meters is on lines 
leading to the various processes or departments of a 
manufacturing establishment. It is human nature to 
waste that for which one is not held accountable. Ex- 
perience shows a surprising falling off in steam con- 
sumption per unit of product output where the steam 
to each department is metered and charged against the 
cost of operating that department. 


OTHER MONEY-SAVING APPLICATIONS 
While recording steam gages and thermometers are 
widely used to determine the pressure and temperature 


of the steam leaving the boiler or 
unit, it is 


entering the main 
rather hard to compute the savings in such 
cases. There is, however, a real saving in fuel in keep- 
ing the steam conditions constantly close to the maxi- 
mum for which the plant was designed. Much is spent 
to build apparatus for high temperatures and pressures. 
Failure to take full advantage of the possibilities thus 
afforded is a waste of money. Incidentally, these rec- 
ords help insure safe and continuous operation. 

In addition to the familiar simple mercury-column 
vacuum gages and barometers used to check condenser 
operation, there have recently come into use recording 
These 
replace the customary gages 
and are justified in many cases by the extreme impor- 
tance of maintaining high vacuum. 


instruments to measure these same quantities. 


supplement rather than 


In large plants instruments are used at many points 
aside from those mentioned. 
tral recording ther- 
mometers and pressure gages in the heat-balance sys- 
tem. Feed temperatures are measured at each step from 
the hotwell through the feed heaters to the 
boilers. Steam pressures are measured at each bleed 
Some of these instruments can save but a small 
fraction of one per cent of the fuel bill, yet enough to 
justify the cost where the plant is large. 

Instruments have recently been developed to bring 
to light such hidden wastes as excessive blow down or 
ieakage through the blowolf valve, feed-heater overflow, 
excessive venting, ete. 


Some of the modern cen- 


stations provide for numerous 


various 


point. 


Wherever leaks may be serious 
and at the same time unobserved, such instruments may 
easily pay their way. 

Other have little connection with fuel 
consumption, but are justified on the basis of safety, 
continuous operation and protection of equipment—all 
matters of considerable financial importance. 


instruments 


Among 
these may be mentioned thermometers for bearing tem- 
peratures, and for temperatures of generator cooling 
air and generator windings. 

Some hints have been given as to methods of esti- 
mating the gross saving obtainable from the installa- 
tion of any particular instrument. It is clear that the 
net return is this gross saving minus depreciation and 
the cost of supervising and maintaining the instrument. 

The problem remains of determining which of various 
instruments proposed for a given job is the best in- 
vestment. At the start the principle may be laid down 
that there should be established a certain minimum per- 
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centage that the instrument must return in order to be 
considered at all. This is generally taken much higher 
than in commercial security investments because of 
other high-return opportunities for investing money in 
the business. Twenty per cent may be taken as a 
typical figure. 

While this percentage return may properly be used 
as a test to throw out any proposition that falls below 
the investment “dead line,” it cannot, strange to say, 
be used in comparing two different propositions. It is 
a common mistake to assume that because one piece of 
equipment will yield 30 per cent net and another 40, 
the second is necessarily the better investment. This 
conclusion follows logically only in the case where the 
amount invested is the same in both cases. 

Investments in apparatus for saving leaks have the 
peculiar characteristic that, while the percentage re- 
turn is generally much higher than with security in- 
vestments, the amount of money that may be invested 
at a given rate of return is strictly limited. Here an 
opportunity for enlarging the investment may in some 
cases, more than compensate for a somewhat lower rate 
of interest on the total investment. This is nicely il- 
lustrated by the problem of the economic thickness of 
pipe covering as explained by Whitaker in the article 
on page 762 of this issue. 

Two tests should be applied. First, no proposition 
should be considered which will not yield a net per- 
centage return exceeding the minimum “dead line” es- 
tablished for the given plant. Second, the more ex- 
pensive of two propositions is the better investment 
when and only when the additional yield from the ad- 
ditional expenditure exceeds the established lower limit 
of net percentage return. 


ECONOMIC PROBLEM WORKED OUT 


The application of these principles to the choice of 
instruments can best be illustrated by a concrete ex- 
ample. Assume that the choice has been narrowed down 


to four propositions as shown in the following table: 
COMPARISON OF INVESTMENTS 


Depreciation, 
First 


Gross Supervision -Net Return 
Proposi- Cost Yeurly and Per 
tion Tustalled Saving Maintenance Dollars Cent 
| $400 $400 $100 $300 75 
R 500 100 50 50 19 
Cc 600 500 100 400 67 
Db 700 550 100 450 64 


The last column shows that proposition B yields only 
10 per cent net and should therefore be discarded on the 
assumption that 20 per cent is the smallest acceptable 
net return. The question now arises as to whether it 
is better to invest $400, $600 or $700. Imagine $700 
divided into three parcels, of $400, $200 and $100 re- 
spectively. The first $400 can be invested in A to yield 
$300, or 75 per cent, which is entirely satisfactory. 
Considering item C, it is seen that an additional $200 
investment would earn an additional $100 return or 50 
per cent. Therefore investment C does all that A does 
for the first $400 and permits in addition another worth- 
while investment. Obviously C is a better investment 
than A although the percentage net return is smaller. 

Next compare C and D. Here a further investment 
of $100 gives a further yield of $50 or 50 per cent on 
the additional investment. Therefore D is a better in- 


vestment than C and the best in the group, although, 
leaving B out of consideration, it vields the smallest 
net percentage return on the total investment. 
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N THIS series of articles, the author confines 

himself to common-sense pointers on how to 
go about the job of designing a piping layout, 
with sufficient technical information to indicate 
the important details which must not be over- 
looked. This article outlines the preparation of 
preliminary plans, and later articles will cover the 
choice of pipe sizes and materials, dimensional 
standards, allowances for expansion, hanger and 
anchor location, drips, bypasses and heat insu- 
lation. 





HE design and construction of piping systems for 
use under the high pressures and temperatures 
existing or contemplated in modern power plants 
involve not only the use of basic principles common to 
good piping layouts operating under less severe service 
conditions, but also require the careful working out of 
a number of features that become extremely important 
as the service requirements are raised. It is proposed 
to set forth in this series of articles a brief discussion 
of several of the major features pertaining to the design 
and construction of power-plant piping, with special 
emphasis on points requiring extra attention for severe 
conditions. 
In modern power plants with the extra complications 
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How to Lay Out Power-Plant Piping—lI 


By SABIN CROCKER 


and Surveying 


ompany 


Bureau, 


as to insure that it is physically possible to install the 
piping in a neat and accessible manner without encroach- 
ing on space required for equipment, walkways, stairs, 
light wells or other structural requirements. 

On many small jobs it is common practice to set up 
a pipe bench in the field and cut and fit pipe on the job. 
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Fig. 1—A preliminary rough sketch shows the layout 
and gives a chance for study and revision 


This seems like a simple and direct procedure, but the 
result is often a sloppy job at an increased cost. In 
almost every case it pays well in time, money and gen- 
eral satisfaction to make a detailed layout on the draft- 
ing board before starting work. 

The use of a line diagram is a time-honored means 
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in piping incidental to the use of additional fuel-saving 
equipment such as economizers, bleeder heaters, reheat- 
ing boilers, water screens in pulverized coal furnaces, 
ete., the problem of securing satisfactory piping lay- 
outs is far more difficult than in the simpler plants of 
au few years ago. The multiplicity of pipe lines now 
required for the interconnection of different apparatus 
demands careful study to define the function of each 
line and make its purpose clear in the layout, as weil 












of explaining the function of each line in a general 
scheme. 
neers that 


The remark is frequently made among engi- 
“one cannot talk without a pencil,” and this 
is especially true in explaining a complicated system of 
piping to the man who is to lay it out on the drafting 
board. A line diagram serves much the same purpose 
as the free-hand sketches made during an engineering 
conversation, but the information 
available to more people. 


conveyed is made 
With involved piping layouts 





770 


it is customary for someone to make a free-hand sketch 
as a guide for the draftsman, or such a sketch may be 
made by the draftsman himself and referred to the 
proper authority for approval before the drawing proper 
is started. On a large job where considerable engi- 
neering study is involved, the engineer who works out 
the plant heat balance usually makes line diagrams 
pertaining to heat interchangers in connection with his 
studies. Such diagrams may either be isometrics, or 
of the style resembling wiring diagrams. In either case 
they should show the equipment that is to be intercon- 
nected, the function of the different lines, and usually 
the condition and quantity of the fluid flowing through 
each. Such a diagram furnishes a good starting point 
for the piping studies proper. 

A diagram of this sort for the combining of 
evaporator systems is shown in Fig. 1. 


two 
In this case a 
new single-effect evaporator was to be installed in con- 
nection with a double-effect evaporator already in use, 


obtaining its live steam from the same source, but 
furnishing vapor for an entirely different purpose. 
Fig. 1 shows the diagram in simple form without 


regard to the positions of the apparatus. Fig. 2 shows 
the more complicated diagram which the piping designer 
worked out from Fig. 1, to take into account the loca- 
tion of existing equipment and piping, and the locations 
available for the new part of the installation. The 
involved nature of a job of this kind makes imperative 
the use of a line diagram, as a guide in laying out the 
piping, for explanation to the erection crew, and for the 
intelligent operation of the system. 

When a final piping layout is finished and the draw- 
ings are nearly ready to send out for bids or to the 
field erection crew, it is often desirable to reproduce 
the line diagram in a corner of the layout sheet. Here 
it is readily available and proves a material aid to ready 
understanding of the piping system. 

After the line diagrams and preliminary piping lay- 
outs have been made, it is desirable to make a model 
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Fig. 4—Where 
may 


space is not closely limited, the model 
be more roughly constructed 


of parts of the plant where piping is particularly con- 
vested. The use of a model aids in securing a symmetrical 
layout of pleasing appearance which is conveniently 
arranged, and at the same time reveals interferences 
and close clearances. Models may be as extensive or 
as curtailed as any particular case requires, but they 
should be made to scale and show the relative positions 
of piping, equipment and building structure. The proper 
use of models pays for their cost many times over. 

The convenience of a piping layout from an oper- 
ating point of view is of great importance. The 
arrangement of a bypass, for instance, should be such 
that the purpose of each valve is evident at a glance. 
In cases where there is a repetition of certain units, 
such as boiler-feed pumps, at intervals throughout the 
plant, the positions of valves, crossovers, etc., should be 
as nearly as possible identical. Such duplication is not 
only desirable from a viewpoint of appearance, but is 
of immense value to the operating force in the ease 
with which a given valve can be located in case of emer- 
gency. The extra attention given such matters in 
design is amply repaid by the greater convenience of 
a well thought out arrangement. It is also frequently 
desirable to use more pipe and fittings than required 
for the smallest initial investment, in order to obtain 
simplicity in operation and the repetition of detail at 
similar units. A model is of great assistance in work- 
ing out these features of design, as it reveals at once 
the advantages in different valve locations and the space 
left available for access to or dismantling of equipment. 
Fig. 3 illustrates the result of study of a particularly 
congested spot. Unfortunately, a photograph cannot 
do justice to the model in this case. 

The amount of detail shown in a model and the accu- 
racy with which it is to scale should depend on the kind 
of plant which it represents, the congestion of piping in 
the plant and the desirability of neat appearance. 
Where there is not sufficient advantage to justify the 
expense in making a model particularly close to scale, 
ii is possible to make one up out of small pipe and 
fittings with wood blocks to represent equipment, and 
structural parts made with children’s “Erector” or 
“Meccanno” sets. A photograph of such a model, tor a 
gas plant, is shown in Fig. 4, reproduced through the 
courtesy of the Steere Engineering Co. In a power 
plant the results obtainable through the use of a model 
justify considerable more expense. The structural parts 
and equipment should be made closely to scale by a 
patternmaker. A convenient method of molding the 
pipe and fittings to scale out of beeswax was described 
by C. T. VanDusen in an article published in the Feb. 
23, 1926, issue of Power. 
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HE Milwaukee Electric Railway & Light Co. has 

purchased from the Babcock & Wilcox Co. for its 
Lakeside Station, a boiler built for a working pressure 
of 1,390 lb. at the saturated steam outlet. The boiler is 
to be a special three-drum Stirling design, as indicated 
in the illustration. In the pressure parts of the boiler 
alone there are 28,532 sq.ft. of heating surface. The 
drums are of forged steel 5 in. thick, 40 in. inside diam- 
eter and approximately 40 ft. long. The unit is 70 tubes 
in width, the tubes being 3 in. in diameter and *% in. 
thick. 

Saturated steam will be taken from two nozzles on 
the rear steam drum to two Power Specialty Co. radiant- 
heat superheaters forming the side walls of the fur- 
nace in which the temperature is to be raised to 
approximately 720 deg. From the primary superheaters 
the steam is taken to a 1,200-lb.-pressure turbine from 
which it exhausts at a pressure of 317 lb. gage and a 
temperature of 447 deg., and is returned to a Foster 
radiant-heat resuperheater which forms the rear wall 
of the furnace. 

The pulverized-fuel furnace is of the Lopulco type 
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+ : and contains approximately 30,100 ft. of furnace vol- 
| ad, | sailed arum of boiler ume. The radiant-heat primary superheater and _ re- 
{ i<-.--Reheater; radiant-heat WA a heater, as stated, form three sides 
dros} Geeaut mak = I | = ES of the furnace. The front furnace 
* | IG | N\A | wall, the arch of the furnace and 
| Had [¢, \ER SH. soot blowers \k Z Z Wh ; —~ the front boiler wall are water 
| tH i =. ————— aa | — cooled, and a water screen protects 
Steam fi Lh Habit + VWoo- the furnace bottom. : The sno 
feel turbine, | TO furnace-wall construction is of the 
near side | || | sam Makes: ; Murray fin-tube design. 
| | é = | || The gases make three passes over 
i | ‘ 13 —— : | the heating surface and leave the 
H fil =} || boiler at the bottom of the rear 
mo a ‘ are : | bank of tubes. The flue into which 
} | . : a EY Re the gases are discharged is divided 
| | | saperhedter; readiant-heat type— Il" and the gases are passed downward 
\ ! | a {= SS ee ——— = through two Combustion Engineer- 
; \ ii | \{ + sorner elise = ing Corporation’s air heaters, one 
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| Steam fons ttre 1 * i = == | | air heaters are of the plate type, 
\farsiate, to furbine} HH die Secu Seer es | | | containing approximately 20,160 
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i airplanes and nearly 100 ships. <A 
3,000-ton, 3-rotor ship, the “Bar- 





Total heating surface in pressure parts of boiler is 28,532 sq.ft. Drums _ bara,” was launched in Bremen on 
ore of forged steel, 5 in. thick, 40 in. inside diameter and 40 ft. long. April 28. She is equipped with 
Radiant superheaters screen the surface side walls and a radiant reheater three rotors 55 ft. high and 12 ft. 


in the rear wall reheats the steam afier expansion from 1,200 lb. to 317 lb. — in diameter, 
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Industry’s Boiler Equipment 


A Statistical Analysis of Types. Their Relative Importance 


and Their Length of Service 





HAT proportion of 


power plants of 


the 
or 


in 
fire-tube 


boilers industrial 


are water-tube 
design? 

Which design holds the balance of installed capacity? 

How do these comparisons change between the indus- 
tries served? 

How many years of service have been rendered by 
the boilers now installed? 

The answers to these questions are given here in two 
tables, in terms of per cent, from data based on approxi- 


between fire-tube boilers and water-tube boilers as to 
numbers in service and as to rated capacity. The left- 
hand column contains the numerical comparison and 
the right-hand column the division by rating. Thus, 
it for all the industries combined under the 
heading of “Total,” that fire-tube boilers represent 43 
per cent of all installations, with the water-tube boilers 
holding 57 per cent. In the right-hand column the 
fire-tube boilers represent 23 per cent of the total capac- 


wha 


is seen, 


itv, while the water-tube boilers aggregate 77 per cent. 
By following down the two columns, the condition can 
be checked for each of the industries. 

The second table shows the length of service in three 


mately seven hundred answers to a questionnaire sent 
out by Power to its subscribers in the industrial groups. 
In the first table is shown the percentage comparison 
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A percentage comparison of fire-tube and water-tube boilers by numbers and by installed rating 

















age classifications, for fire-tube boilers to the left and 
for water-tube boilers to the rignt. It can be seen for 
all industries combined, at the top and to the left, 
that 45 per cent of the fire-tube boilers are 1 to 10 years 
old, 43 per cent have seen from 11 to 20 years of service 
and 12 per cent have been in use for 21 years or more. 
Similarly, water-tube boilers, when distributed in the 
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three age classifications, show 50 per cent in the first 
or newest, 42 per cent in the second and 8 per cent in 
the 21-year or older group. 

The proportion that falls in each age classification for 
a given industry is shown, and by checking the figures 
some interesting conclusions can be drawn on the status 
of the industries and the relation between types. 
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New Thoughts on Supercharging 
Oil Engines 


By ROBERTSON MATTHEWS 


HE core of all discussion on the supercharging of 

large engines seems to be either the control of 

temperatures or else limitation of maximum pres- 
sure. Improvement in combustion and its possible 
results receive secondary attention. Hence, while over 
30 per cent supercharge is declared advisable by some 
engineers, only 10 per cent is favored by the more con- 
servative. 

Meanwhile it is noteworthy, concerning temperature 
effects, that while the supercharging of 24-in. cylinders 
is by some regarded with caution, the successful opera- 
tion of 35-in. unsupercharged cylinders has led some to 
vision the 40-in. cylinder and over. Now since heat 
effects vary not only with gas temperature but with 
the diameter of the 
cylinder that 3s, 


also its magnitude, neither of which conditions can be 
definitely forecasted. On the other hand, there can be 
the benefits of reduction in late burning. The compres- 
sion temperature can vary, of course, only with 7,, », 
and the initial air temperature, t, as shown in the table. 
Regarding pressure changes, with the same air tem- 
perature and cylinder volume, the initial pressure will 
go up directly as the increase in weight of air intro- 
duced. The table shows how the final compression 
pressure p, goes up as the initial air pressure py is 
increased. Different values of n, the exponent of the 
compression curve, would occur, depending on the size 
of the cylinder and the piston speed. The ratio of 
compression based on initial and final volumes is 7,3; 
based on final and 





with the amount of 
the hot gases the 


initial pressures, it is 
v,, t being the final 


real cause for the 
supercharging of Die- 
sels is not at all clear. 

If 40-in. cylinders 
lie in the offing while 
some engineers hesi- 
tate to supercharge 
24-in. ecvlinders, it 


PINION is divided on the merits of supercharging 
four-stroke-cycle Diesel engines. The items in- 
volved are many, hence results differ from forecasts. 
and facts seemingly fail to check with theory. Reports 
of supercharging cover as widely different conditions as 
supercharging a Diesel in order to get 30 per cent in- 
creased capacity, and that of supercharging gasoline en- 
vines to give mean effective pressures up to 185 pounds 
in order to eliminate the need of changed gears. The 
idea of supercharging during combustion is here ad- 


compression tempera- 
ture. 

The maximum pres- 
sures may _ become 
greater with  super- 
charging owing in 
part to combustion 
being influenced by 
the reduction in the 





looks as if there were vanced. 
two views ot the 





percentage of residual 
gases. This reduction 











supercharging  ques- 
tion—that of super- 
charging solely and that of the possibility of the advent 
of supercharging acting as a stimulus to further Diesel- 
engine development. 

The pure Diesel with its injection air is already a 
supercharged engine. As compared with the airless 
injection engine, it supercharges from 7 to 10 per cent, 
through the admission of the injection air. Yet but 
little is said of this supercharging that favors the pure 
Diesel. 

If combustion were already what it should be in 
Diesel and other oil engines, supercharging would not 
raise the temperature to such uncertain values as are 
feared by some. Thus 


7 


= : B.t.u. sensible heat from combustion 
Temperature ris. weight of gases spec. heat of gases 
Clearly, 30 per cent more fuel and 30 per cent more 
air would simply increase both numerator and denomi- 
nator in equal proportion, and there would, with the 
same intensity of combustion with each unit of fuel, be 
no change in the temperature rise. 

But even Diesel engines are not without some after- 
burning. Hence, since most fuels have a lower ignition 
temperature as the concentration of oxygen increases, 
and since combustion is improved with improved access 
to oxygen, the rate of combustion can vary when super- 
charging is introduced. This variation can change both 
the time when the maximum temperature will occur and 


can be due either to 
greater weight of air 
charge or to better scavenging resulting from some 
blow-by from the inlet to the exhaust possible in all 
except, probably, Tosi engines. Besides this, if the 
precompressed air comes to the engine with heat added 
by the blower and it happens that the amount of resid- 
uals is not greatly reduced, the final compression 
temperature could be increased, also the maximum tem- 
perature, and hence the maximum pressure. 

These facts suggest that statements regarding pres- 
sure and temperature increases from supercharging, are 
open to qualification and may or may not lend suppow 
to a conservative attitude toward supercharging. 

Regarding fuel economy, consider first no increase in 
the fuel injection. Earlier combustion, within limits, 
due to greater concentration of oxygen from better 
scavenging and higher compression pressure, should 
improve fuel economy and hence indicated capacity. 
Greater maximum load means greater net load, and 
therefore higher mechanical efficiency, but when greater 
capacity is desired by increasing the fuel injection, then 
limitations of the Diesel cycle and the demands for 
reliability raise, at least at the present time, serious 
problems if large gains from supercharging are ex- 
pected. Later cutoff would reduce economy and earlier 
cutoff, but with more fuel injected per degree of crank 
travel, would increase the maximum pressure. With 
cutoff unchanged, but with more fuel in proportion to 
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the increase in air, higher pressures would always occur. 

Unfortunately, the pure Diesel is essentially a lean- 
mixture engine, because for high economy it demands 
early cutoff. Compared with aéro-gasoline engines, 
many Diesels are low-capacity machines; and after al- 
lowing for a difference in the number of expansions of 
about 3 to 1 the Diesel is not so remarkable on econ- 
omy. It has shone, not by comparison with a limit of 
excellence, but by comparison with a less competent 
creation, the steam engine. In fact, the pure Diesel 
shows only about two-thirds the ideal thermodynamic 
efficiency, and if to this is added the present-day weak- 
ness of all oil engines for great percentages of excess 
air, there is reason for questioning all conditions affect- 
ing the present-day efficiency and capacity of Diesel 
engines, and for pondering whether there may not be 
an over-emphasis on maximum pressures and large 
cylinders. 

To reduce the compression pressure in order to gain 
capacity from supercharging while maintaining con- 
servative maximum pressures, seems odd procedure. 
For high compression means high thermal efficiency and 
high thermal efficiency means high capacity from fuel. 
High capacity from fuel, especially when containing 
carbon (and Diesel fuel is over 80 per cent carbon) 
means high capacity from air. High capacity from air 
means high capacity per cubic foot of piston displace- 
ment, which is the present-day purpose of super- 
charging. 

Hence reducing the compression ratio in order to 
supercharge may be likened to coming down one step 
in order to be able to leap up two. The excuse, of 
course, is reliability. 

EFFECT ON RELIABILITY 


Concerning one item in reliability, exhaust valves 
have been reported to suffer from supercharging. In 
one case attention was required in 40 days as against 
60 days with no supercharging. It would appear that 
the more complete and therefore earlier combustion 
possible with supercharging would benefit exhaust 
valves. However, heat transfer to the valves varies 
with the flow of the exhaust gases; 30 per cent increase 
in the mass of gases would mean 30 per cent increase in 
flow if the temperature did remain the same with 
supercharging as without. The gain, however, in capac- 
ity from substituting a simple feature such as a blower 
in place of a portion of an engine, should allow some 
increase in expenditure on the material of parts. 

The short running time of an aéro engine between 
overhauls, astounds some Diesel engineers, but consider 
some numerical values. Taking the 60-day interval just 
menticned, for the Diesel engine the number of exhaust 
valve openings —= (60 days * 24 hours * 
< 125 r-p.m.) — 2 = 5,390,000. 
(225 hours *& 60 minutes 
10,800,000 exhaust-valve openings. 


60 minutes 
For an aéro engine, 
1,600 r.pm.) ~— 2 = 
While the Diesel 
has a larger valve to cool, the aéro engine has hotter 
gases containing, by comparison, almost no excess air, 
and cooled, at the time of exhaust opening, by only 
about one-third the expansions of the Diesel engine, to 
say nothing of there being later burning. The aéro 
engine here represented was, by the way, air cooled. 
According to thermodynamics, supercharging should 
logically be accompanied by the addition of an exhaust- 
gas turbine to do the precompressing, since without this 
gas turbine the ratio of compression has been increased 
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without compensating for it with increased expansion. 
When no air is considered for additional scavenging 
due to blow-by, the work to precompress the air may 
be taken roughly as the friction load of blower and the 
machine driving it. For the pressure built up in the 
blower becomes positive pressure on the engine piston 
during charging, but would show only on a weak-spring 
card. Refined comparisons of the indicated horsepower 
with and without supercharging should consider this 
lower loop effect, which could amount to a flat 5 Ib. 
difference in the mean effective pressure. This partial 
balancing of the blower work would seem to contradict 
the foregoing statement that the engine should have 
increased expansion to compensate for increased com- 
pression. 
WorRK GAINED BY PRECOMPRESSION 


This would be so if the engine gave back only the 
effort put into it as work. However, the function of 
an engine is to put out effort in return for energy put 
into it at least. Hence, this precompression should, 
strictly, go to aid the engine to utilize heat through 
the work of expansion, and to an amount greater than 
the work of compression, depending on the cycle effi- 
ciency. 

Summing up the influence of supercharging on fuel 
economy, if supercharging is considered as a substitute 
for using a later cutoff to gain capacity, then increased 
economy can result from the more favorable cutoff and 
also due to earlier and better combustion. If the com- 
pression ratio is reduced in order to keep down 
maximum pressures, then tke reduced expansion opposes 
the gain from better combustion due to more air. 

Concerning supercharging as a means of controlling 
temperature while gaining capacity, it is significant 
that supercharging trials with a gas engine gave 20 
per cent increase in m.e.p., yet showed no temperature 
rise during the cycle. Evidently, there was early and 
complete combustion both with and without supercharg- 
ing. This raises the question as to how far heat 
troubles when using liquid fuel depend upon the mass 
of the hot gases radiating heat and upon the length 
of time during which burning occurs. 


HIGH TEMPERATURES Not NECESSARY 


High as is the rate of radiation from high-tempera- 
ture gases, the heat dispersion during the molecular 
vibrations of combustion is declared to be much more 
intense. Hence, the heat loss during late burning be- 
comes a matter not alone of the temperatures supposed 
to exist on the expansion curve, but of something more 
intense in its heat dispersion. Accordingly, reports of 
reduced jacket loss with supercharging appear reason- 
able if supercharging improves combustion even without 
leaning the fuel-air ratio. 

Whereas, the conception of supercharging controlling 
temperature effects by dilution of the gases, puts super- 
charging somewhat in the class of jacket-water control, 
control of heating by improving combustion and reduc- 
ing late burning raises supercharging to the plane of 
real engine development. The question then arises as 
to how best to use extra air in order to get the most 
satisfactory combustion. 

Since much benefit to combustion is attributed to the 
mixing action of injection air, more turbulence would 
appear to be helpful up to the point where detonation 
impends. A compromise could therefore be effected 





between gain from excess air and from turbulence. 
Such supercharging during combustion calls for con- 
siderable work to compress this air above combustion 
pressures. On the other hand, increasing the air charge 
during intake increases the work of total compression. 
Ignoring, therefore, the difference in the mechanical 
efficiency of the engine as a compressor and of a sep- 
arate compressor, the difference in the work of 
compressing the supercharging air becomes that cor- 
responding to the additional pressure head necessary 
above combustion pressure. In return for the extra 
work due to this head, there is the advantage of being 
-ble to control the supercharging air to give directed 
turbulence. 

Such a system presents greater mechanical complexity 
than precompressing the entire air charge, but it would 
seem that this directed turbulence could also be used 
to throw a curtain of cooler air across, say, an exhaust 
valve and thereby save some heating by conduction. 
or contrary to a common view, conduction is said to 
take on rates of heat transfer in greater proportion 
than the first power of the temperature when tempera- 
tures corresponding to combustion occur. 

Such a system should be particularly applicable to 
high-speed Diesels. But as with higher pressures, pos- 
sibly nothing definite will appear till a new balance is 
struck between competition and investment efficiency. 

This discussion will appear more applicable to the 
pure Diesel than to the airless injection engine. Since 
the latter engines are, however, increasing not only in 
number but in size, their sypercharging deserves atten- 
tion. Having greater clearance volume than the pure 
Diesel, together with higher pressures, it would appear 


EFFECT OF HIGHER INITIAL PRESSURES 


° ° rT . 
n, value of exponent in PV"=K 


1.4 1.38 1. 36 1.34 1.32 ‘3 
re 15 15 15 15 15 15 
* 1,340 1,250 1,157 1,070 992 913 
ry 44.2 42 39.8 37.7 35.7 33.8 
Pa Pe, Final Compression Pressure 
14 618 588 557 528 500 473 
16 707 672 637 603 572 546 
18 796 756 717 678 643 608 
20 883 840 196 754 714 676 
When *r,=12.5 
t. =1,215 1,133 1,055 980 908 843 


that the airless injection engine should have a lower 
volumetric efficiency. Add to this the absence of any 
injection air, and the solid-injection engine probably 
falls 10 per cent short on air supply compared with the 
pure Diesel. Besides this, there is the poorer atomiza- 
tion and distribution. Hence the airless injection 
engine would seem entitled to at least some super- 
charging. 

But with only rare exception, the maximum pressures 
of the airless injection engine exceed considerably those 
of the pure Diesel without supercharging. Further- 
more, once combustion has started, there is with solid 
injection no restraining influence of cold injection air. 
Given, therefore, greater concentration of oxygen and 
probably some increase in turbulence, the uncertainty 
of maximum pressures should suggest caution in ad- 
vancing initial pressures, whether or no the volumetric 
compression ratio is changed. 

Sensitiveness to attempts at supercharging during 
combustion would be greater for the airless injection 
engine than the pure Diesel because of the greater 


inherent absence of turbulence in most airless injection 
engines. 
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Steam Generated Indirectly in 
German Experimental Boiler 


A test boiler designed for operation at 900 lb. per 
sq.in. pressure and for the indirect production of steam 
in a drum equipped with heating coils, has recently gone 
into experimental operation in Germany. According to 
the March 17 issue of the V.D.J. Nachrichten (news- 
paper of the Society of German Engineers), this boiler 
was installed by the Schmidtsche Heissdampf-Gesell- 
schaft in their laboratory at Wernigerode to make 
possible the study of heat transfer and similar prob- 
lems as they apply to high-pressure steam. 

The accompanying diagram shows the method of op- 
eration. There are two fluid circuits, the primary cir- 
cuit starting with water entering the economizer A at a 
temperature around 200 deg. F. From the economizer 
it passes to the evaporating tubes B, subjected directly 
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Fluid in the primary circuit A, B,C, F, K, A, never 
leaves the boiler plant 


to the heat of the fire, then through a small drum C 
where most of the steam is disengaged from water. The 
steam then passes to the heating coil F in the large 
drum G, evaporating practically its own weight of the 
surrounding water and being itself condensed in the 
process. The condensate passes through the feed-water 
heater K, where it gives up some of its heat to the in- 
coming feed water of the secondary circuit. It then 
passes back to the economizer A. 

Since this primary circuit is completely closed, no 
makeup is necessary and no trouble should be experi- 
enced from scale in the economizer or primary boiler 
surface. This is apparently one of the reasons for the 
design shown, the other being the elimination of a large 
drum weakened by tube connections. 

The feed water of the secondary circuit passes 
through the feed-water heater K and then goes to the 
evaporating drum G. The steam produced by the heat 
of the coil G passes out through the superheater H to 
the point of use. While much priming may be expected 
in the primary circuit on account of the small size of 
drum C, this would not appear to be objectionable. 

The removal of scale forming on the outside of coil F 
or the prevention of its formation would be determined 
entirely on the basis of boiler capacity. 
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Analyzing the Power-Purchase Problem 


“actors Affecting a Decision as to Purchasing or Generating Power for Industrial Plants> 


Particularly Those Requiring Steam for Heating and Process Purposes 


BY 
Consulting Engineer, 
HETHER it will be more advantageous for an 
industrial establishment or a public or private 
institution to purchase power or to generate it 
in an existing plant or in some proposed new plant, is 
a question that has arisen many times in the past, and 
one that is being considered with increasing frequency, 
as a result of the rapid growth and extension of the 
large central-station power business in this country. 

Many factors must be considered in arriving at a 
proper solution, some of these factors being economic, 
some strictly financial and some engineering. None of 
these considerations can be overlooked by the manage- 
ment, although the engineer may be asked to report 
upon the engineering phases only, including construc- 
tion and operating costs and advantages the 
purchased power and private plant plans. 

Not infrequently, the credit condition and borrowing 
capacity of the owners and the need and value to them 
of money for extending the producing or serving ends 
of the enterprise, will dictate a solution of the problem 
which may be quite contrary to that which would be 
arrived at, under other circumstances, by a careful 
analysis of total operating costs under the two plans. 

Too often, managements will postpone action until 
power difficulties become acute, and frequently a deci- 
sion will be required before a proper investigation and 
analysis can be made. The difficulties and cost of 
investigations are often greatly increased by a paucity 
of operating records, making it necessary to conduct 
tests of a more or less elaborate and expensive nature, 
in order to obtain the required information with which 
to work. 


under 


PRINCIPAL FACTORS SUMMARIZED 


The principal factors to be considered in arriving at 
a decision concerning the purchase of power may be 
briefly summarized as follows: 
1. Characteristics of Industry: 

(a) Product manufactured, or business served. 

(b) Stability of industry and future possibilties. 


(c) Working hours. 

(d) Requirements for heating and process steam (if 
any) and adaptability of low-pressure steam to 
process. 

(e) Waste fuel or waste heat (if any) from which steam 
and power may be generated. 

(f) Vital processes and conditions affecting importance 
of continuity of service. 

(g) Relative efficiency of electrical and mechanical drives 
for particular service. 

(h) Existing d.c. or a.c. installations and advantages of 
each for the industry in question. 

(i) Earnings of capital in industry as compared with 


earnings of capital invested in power plant. 

Load Characteristics: 

(a) Electrical or mechanical loads, for different hours of 
day and for typical weekday, Saturday afternoon, 
Sunday and holiday, during different periods of the 
year, 
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(b) Process steam (or hot water) and heating loads for 
like times and periods. 

(c) Abnormal lighting and power loads and their effect 
on peak demands. 

(d) Coincidence of power loads and process and heating 
requirements for different periods of year. 

(e) Power factor of load and possibilities of improve- 
ment. 

Existing Power Plant and Service System: 

(a) Character, adequacy and efficiency of existing plant 
for supplying present requirements for power, and 
(or) heating and process steam. 

(b) Probable economic life. 

(c) Adaptability for improvement and extension. 

(d) Available space for extension. 

(e) Suitability of location with reference to present in- 
dustry and future extensions, sidings and coal stor- 
age, water-supply sources, etc. 

(f) Dust and dirt nuisance of present location. 

(zg) Nature and extent of existing service 
adaptability for future conditions. 

(h) Value of site for manufacturing purposes. 

Available Site for New Plant: 

(a) Location with reference to center of load. 

(b) Adequacy of plot for present and future needs. 

(c) Value of site for manufacturing purposes, or cost of 
new site. 

(d) Railroad facilities and siding possibilities. 

(e) Suitable water for condensers and boiler feed. 

(f) Ash disposal. 

(zg) Location of plant 
nuisance. 

Available Fuels and Fuel Costs: 

(a) Fuel best adapted to plant conditions and adequacy 
of supply. 

(b) Present cost of such fuel and probable future trend 
of prices. 

(c) Waste fuels (if any). 

(d) Waste heat (if any): Quantity, analysis and tem- 
perature of waste gases; variations in temperature 
of gases and rate of production, dust conditions, ete. 

Available Water Supplies: 

(a) Adequacy and suitability for condensing purposes 
(if required) and for boiler feed. 

(b) High and low water conditions. 

(c) Débris, mud and scale-forming matters, ete. 

(d) Requirements for pumping. 

(e) Temperature of supply—summer and winter. 

(f) Cost of rights of way and riparian rights, if same 
must be purchased. 

(g) Underground water resources (if any). 

Labor Conditions and Rates: 

(a) Character and dependability of available labor. 

(b) Labor rates for skilled and unskilled employees. 

Purchased Power Facilities: 

(a) Character and adequacy of plant and transmission 
system. 

(b) Distance and hazards of transmission. 

(c) Record of service interruptions in immediate locality, 
for past year or two, voltage variations, ete. 

Purchased Power Rates Applicable to Service: 

(a) Demand charges. 

(b) Minimum guarantees (if any). 

(c) Energy rates. 

(d) Coal clauses. 

(ec) Power factor clauses. 

(f) Probable future trend of purchased power 


system and 


with reference to dust and dirt 


costs. 
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While the points here enumerated are 
they constitute only a brief 
summary of the factors 
groundwork the 
mendations. 

Limitation of space will preclude a full discussion of 
the subjects mentioned, their importance, and the 
methods that may be pursued in securing and analyzing 
the various data. The latter must largely be left to the 
ingenuity, judgment and experience of the engineer. 


important, 
and more or less incomplete 
that must ordinarily form the 


for engineer’s analysis and recom- 


LOAD DATA, PRESENT AND FUTURE 


A thorough knowledge of the present load conditions 
and of the power situation in general is most essential; 
quite as important, in many cases, 
rect picture of the future. Sometimes the expansion 
program of an industry is carefully mapped out for 
several years ahead, and in such cases it is not so diffi- 
cult to determine about the added steam and electrical 
loads and to lay out load curves for the future by super- 
imposing new loads on the curves applying to present- 
day conditions. 


is a reasonably cor- 


USE FACTORS APPLICABLE TO EXHAUST STEAM 


Where provisions are not made in an existing plant 
for securing a balance between low-pressure steam pro- 
duction and utilization, the proportion of exhaust actu- 
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ally used to that which is produced and available, should 
e carefully studied, in order that an accurate estimate 
an be made of the live steam equivalent of the exhaust 
sed, or the amount of steam that would have to be 
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bled from turbines. Often, the importance of this point 
is overlooked, and assumptions are made that are not 
in accordance with the facts. 

MECHANICAL DRIVES AND MOTOR INSTALLATIONS 


In plants where the power applications are effected 
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to replace with alternating-current motor equipment in 
case power were purchased, the advisability and cost 
of making the change may be the subject of an investi- 
gation quite as important as that of the source and 
cost of the power supply. The inquiry may involve the 
consideration of an immediate and complete change- 
over, or one to be accomplished in stages, over a period 
of years, with possible employment, in the interim, 
of motor-generator sets or large group drives, for the 
operation of sections of the industry. 

In some cases the replacement of engines and mechan- 
ical drives may be impossible to justify, on account of 
the efficiency and reliability of the power application 
and the low fixed charges and cost of maintenance. The 
same thing may also be true with certain direct-current 
power installations. Unless some tangible and worth- 
while advantage can be shown for making a change, 
managements will seldom be willing to invest the money 
for them. 

SERVICE SYSTEM 

The character and extent of the service system con- 
necting any existing plant with the industry which it 
serves, and the nature of the changes and additions 
required for future conditions, whether the existing 
plant is extended or a new plant is built, may prove 
important considerations. Frequently, the cost of the 
service system under two or more plans, may be quite 
different, and one or the other may involve relatively 
large expenditures. This is especially true if the 
services are to be carried underground and tunnels pro- 
vided between the power house and the 
ings. 

In many industries 
of first importance. 


various build- 


dependability of power service is 
It is especially important to indus- 


tries employing a large number of machine workers or to 
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those carrying on processes of a more or less vital char- 
acter. The managements of such industries will often be 
loath to tie up completely to purchased power, especially 
if the transmission is a long one. In their own plants, 
they will insist on ample reserve to provide for proper 
maintenance and insure against breakdowns. In such 
cases, if not in all cases, the engineer should make a 
careful inquiry into the number, duration, time of 
occurrence and cause of the service interruptions, which 
have happened in the immediate locality in the past 
two or three years, and ascertain what, if any, steps 
have been taken to improve the service. Also, it would 
be well to ascertain the loss resulting to the industry, 
per hour, from day and night interruptions. 
RESERVE CAPACITY ESSENTIAL 

In a private plant, operating an industry for which 
continuity of service is of prime importance, ample 
reserve capacity must not only be provided in the plant, 
but must be ready for instant service, at least during 
the important working hours of the day. Such plants 
must sacrifice some measure of efficiency to depend- 
ability of service. 

At least one reserve unit should be provided to allow 
for proper maintenance. The keeping under steam of 
only one boiler in a plant, and the operation of this 
boiler at high ratings, is a risky practice and one to be 
condemned when continuity of service is important or 
the feed-water conditions are not the best. 

Reserve capacity in electrical generating equipment 
is, in many cases, not as important as reserve capacity 
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Fig. 3—Low-pressure steam requirements, 1925-26 


and 1933-34 


in boilers. Certain unessential load may sometimes be 
dropped, making it unnecessary to keep in service more 
than two yvenerating units. <A third unit should, how- 
ever, be provided in the plant, unless the peak load, in 
an emergency, can be carried on one unit. Two gen- 
erating units may suffice for industries in which certain 
operations carried on during the day can temporarily 
be transferred to the night period. 


CAPITAL EXPENDITURES AND FIXED CHARGES 


In making up his estimate of the cost of a new power 
plant or of necessary additions to an existing plant, 





Vol. 63, No. 20 


the engineer should regard the “economic balance” 
between expenditures and capitalized economies as 
second only in importance to “dependability.” A plant 
to serve an industry working only 10 hours a day, or, 
say, 55 hours a week, and located where the fuel supply 
is reasonably cheap, may and should be of a very dif- 
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Fig. 4—Steam consumption curves for 1,500-kw. 
non-condensing turbo-generator 


ferent character from the plant that must operate 24 
hours per day for 6 or 7 days in the week. If the 
private plant operating, ordinarily, 9 or 10 hours a day, 
is to compete with purchased power, it cannot be 
burdened with unessentials. On the other hand, 24- 
hour service and a high load factor will warrant a more 
expensive and efficient plant. 

Often, a new plant will be expected to carry not only 
its own fixed charges, but also those applying to an 
unamortized investment in an existing plant. In such 
‘ase any plan, such as purchased power, set up in 
comparison with the new plan should carry fixed 
charges on the outstanding old investment and on the 
new fixed capital as well. 

The rate at which depreciation should be figured, 
and interest and other allowances entering into the 
item of fixed charges, will depend on the character and 
stability of the business, its credit standing, ete. Ordi- 
narily, fixed charges for industrial enterprises may be 
figured at 12 to 15 per cent. 


BASIS OF COMPARISON OF OPERATING COSTS 


. 


Where process and heating steam, in addition, to 
power, are supplied from the power plant, comparisons 
of operating costs, when using purchased power, should 
always be made on the basis of total annual operating 
cost, including fixed charges. Cost comparisons on the 
kilowatt-hour basis, in such cases, are difficult to arrive 
at and should be used cautiously, as the allowance that 
should be made for low-pressure steam is one that is 
open to much discussion and various interpretations. 


HYPOTHETICAL CASE ANALYZED 


A hypothetical case may serve to bring out clearly 
some of the points discussed and the methods by which 
comparative operating costs under the purchased power 
and private plant are worked out. The conditions as- 
sumed by way of illustration are, in large part, those 
which actually obtained with a certain large industry 
in the neighborhood of Philadelphia. The principal 
factors in the case may be summarized as follows: 
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(a) Electrical energy for power and lighting, and steam 
for heating and certain process purposes is to be supplied 
to a group of manufacturing buildings, extending along a 
main-line railway for a distance of about half a mile. 

(b) Live steam for heating and process work now sup- 
plied from an old and relatively inefficient steam plant, 
located along the railroad about 700 ft. from the center 
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Fig. 5—Steam-consumption curves for 1,500-kw. 
extraction type turbo-generator 


of distribution, the pressure being reduced to various build- 
ings to approximately 5 lb. for heating and 15 lb. for 
process work. 

(c) Power for all purposes purchased. 

(d) Working hours of industry, ordinarily 9 to 10 hours, 
but hours vary in different departments, some working: at 
night during 5 colder months, and others for certain pe- 
riod at night during 93 months. 

(e) Existing power plant inadequate for future condi- 
tions and antiquated. 

(f) Satisfactory site for new power plant adjoining 
present plant, the location being favorable as regards coal 
siding and storage facilities, and water for boiler-feed pur- 
poses, but unfavorable with respect to adequate, natural 
water supply, necessitating the use of spray ponds or cool- 
ing towers for condenser supply. 

(g) Records of electrical power consumption for several 
years past, available, also satisfactory data in regard to 
low-pressure steam use for heating and process work. 

(h) Expansion program for next five years definitely 
laid down. 

(i) Problem is to determine whether it would be advis- 
able to continue to operate with purchased power or ta 
build a new plant for supplying all electrical and steam 
service, having in mind that a new boiler house will be 
necessary in any case, and that this should be of a char- 
acter and design suited for use in connection with a com- 
plete, steam-electrical plant, in case, later on, it should 
be found advisable to discontinue the purchase of power. 

(j) In order that estimates of relative operating costs 
under the two plans will more nearly represent the average 
condition which will obtain during the useful life of the 
plant, operating costs are to be figured on conditions as- 
sumed to obtain 7 or 8 years hence. 


Load Curves—From the available data regarding 
present and future electrical demands, load curves of 
typical weekdays, for three different seasons of the 
vear were developed. These curves are shown in Fig. 1. 
On these curves the estimated 15-min. monthly peak 
is indicated, this being estimated at 3,200 kw. 

Curves were also developed to show the average load 
or the day and night periods, and for Saturday after- 
noons, Sundays and holidays, for the different months 

f the year 1925-26 and of the year 1933-34 (see Fig. 2). 
i'n addition, curves were developed showing the average 

ourly requirements for low pressure steam for the 
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day and night periods of the different seasons of the 
year 1925-26 and the year 1933-34, 

Determining Annual Coal Consumption—With these 
curves as a basis, the table (see page 778) was devel- 
oped. This table shows the average and peak electric 
load conditions, for different seasons of the year 1933-34, 
and the estimated steam distribution, boiler performance 
and coal consumption for the several seasons, under 
both the private plant and purchased power plans. 

Turbine Units—Figs. 4 and 5 show, respectively typi- 
cal curves for the steam consumption of 1,500 kw. 
units of the non-condensing and extraction types, 
selected as being best suited for meeting the average 
and peak electric load conditions and for supplying the 
required process steam. One non-condensing unit and 
two units of the extraction type were determined upon, 
as offering the best and least expensive working ar- 
rangement. This arrangement provides 50 per cent 
spare capacity in turbine equipment, this reserve being 
regarded as necessary on account of the importance 
of continuity of service. The plant design provides 
space for an ultimate installation of four turbine units 
and 1,500 c.f.m., 2-stage compressors. 

Boiler Units—The data of the table were also used 
in determining the capacity and type of boiler units. 
Estimates of cost were based on five 6,000-sq.ft. boilers 
for the private plant, and four of the same size for 
the new boiler house under the purchased power plan, 
these boilers being built for 225 lb. working pressure, 
furnished with superheater for 100 deg. superheat (ex- 
cept in case of boilers for the purchased power plan) 
and being equipped with underfeed stokers suitable for 
normal ratings of 125 to 175 per cent and peaks of 
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Fig. 6—Typical rate curve for purchased power 
250 per cent. Boiler-house estimates in the two cases 
contemplate ultimate installations of six and five units, 
respectively. No economizer or preheater equipment 
is provided, since the low load factor will not justify it. 
Furthermore, as dependability of service is essential 
in this case, it is considered that the money could best 
be invested in spare boiler capacity. 

Purchased Power Rates—Typical rate curves, apply- 
ing to a 15-minute monthly demand of 3,200 kw., are 
shown in Fig. 6. The middle curve is assumed to 
apply to the case in question. The other two curves are 
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submitted to show differences in rates of other public- 
service companies operating in near-by territory, and 
how one is designed to secure low load factor business, 
while the other is a relatively poor rate under all load 
conditions. 

Estimated Costs for Complete New Power Plant and 
Boiler House—In the case of the two plans under con- 
sideration, preliminary designs and estimates of cost 
were made. 
follows: 


The estimated costs are summarized as 


COMPLETE NEW POWER PLANT 
land, clearing of site and demolition............ ; $24,240 
Railrond siding extension, track hopper and = crushet E 
ee ee EE eee eee ee eS ee ee ee ee 10,500 


Power house building of concrete, steel and brick, hav- 


ine 18 ft. basement height and consisting of boiler 

room 125x46 ft.. heater and pumproom and _ store- 

room 120x17 ft., turbine reom 1238x42 ft. and switch- 

bourd room 78x21 ft., building and machinery foun- 

dations. conl bunker, ashes hopper, suction wells, 

plumbing, power and light wiring, chimneys, flues, 

ashes tank and power-house crane.........6+. . - 302,600 
Boilers, stokers, coal- and ash-handling equipment, 

forced-draft fans, boiler setting and air ducts........ 189,840 
Turbo-generators, surface condensers, air compressor, 

feed-water heaters and pumps, tanks, piping and pipe feat 

covering, gages, flow meters and miscellaneous...... 236,950 


Electrical equipment, switchboard and switching equip 
ment, bus and switeh structrues, auxiliary transform- 
a, er rr a eee et ee ek ee 

Spray pond and spray piping system............55. 

Outside service system, including steam, water and ail 
piping and electrical distribution system to load cen- : 
ters at various points .....c.ccceces ae aun : ; $3,500 

Engineering, supervision, and miscella- 
neous expense, 


58.000 
29,460 


CONGRUEIIONE: kk G ciclaw bres once : lie ate ciety as ; 111,550 
Total ; $1,046,640) 
NEW BOILER ®LANT IN THE CASE OF 
PURCHASED POWER 

Land, clearing of site, demolition, ete. . LO en are ee » Bat, 485 
Railroad siding extension, track hopper and crusher 

NOME. cineca sce wee PUN ene eens eee babe teens ; : 10,500 
Boiler-house building of concrete, brick and steel, hav 

ing IS ft. basement height and consisting of boile: 

room 105x46 ft. and heater and pumproom 101x21 ft.. 

building and machine foundations, coal bunker, ashes 

hopper, plumbing, power and light wiring, chimney, 

thue and ashes tank ........ Pee ey Pe ery ee euss 257,900 
teilers, stokers, coal- and ash-handling equipment, forced- 

dvaft fans, boiler setting and air ducts 139,750 
Heaters and pumps, tanks, air compressor, piping and 

pipe covering, gages, flow meter, etc. ...... : 69 0 
Outside service system, including steam, water and air 

piping connections, new transmission lines and trans- 

formers re : os at aes : 19,120 
Engineering, supervision, legal, clerical and miscellaneous 

expense and interest on capital during construction 15,185 

WHEE. bees eageereness CoRR ee RNS Sele wwe e Wem ew eee $459,640 


Estimated Costs of Operation—The total annual costs 


of operation under private plant and purchased power 
plans are summarized as follows: 

OPERATING COSTS UNDER PRIVATE PLANT PLAN 
Fuel, 18,938 gross tons semi-bituminous coal, containing 


13,800 B.tou. as received at $5.79 per ton delivered 


$109,650 
Storing and reclaiming coal 


ere TT ee eT eee : : 2,265 
Ashes disposal Ccartage only) at $0.50 per net ton.. 1.130 
NII TRI 8 aera ih Sigs kgs neti wach ge aero mos rg wad 19,755 
Raw and softened water supplies. oc..ccsccccsccscveccccs 1.450 
OM, Waste and other swpmtles. oc cicc ccc cccewccesnonces 1,700 
Current maintenance and repairs ; Sealers a wisionat | ae 
Fixed charges (including 7 per cent interest) on new 

PUUCOREOD Shabu ted aditbed aban edde ee hae) 6a he eee eels 125,600 
Interest on Working capital at 6 per cent ; F : : 2.100 
Technical upervision, administration and accounting... 5,000 

Tota Annual Gperating Cost ..o osc kc ccaccesswewcewsas $289,650 
OPERATING COSTS UNDER PURCHASED POWER PLAN 
Fuel, 12,742 gross tons semi-bituminous coal, containing 

13,800 B.t.u. as received at $5.79 per ton delivered.... $73,785 
Storing and reclaiming coal K€bREbECe SOKO MS eee 860068 1,530 
Ashe disposal Ccartage only) at $0.50 per net tonm...... Ths 
Gperattig tabor . ..csccwcess eee Tee ee rr ee re ee Co, 
tuw and softened water supplies Pee ies SN oe 1,690 
Power for forced-dratt fans, stokers, coal conveyor, 

pumps, lighting, ete., 283,000 kw.-hr. at $1.67......... 730 
Oil, waste and other supplies. ee ee ee 1,000 
Current maintenance and repairs......... eae a os 24,200 
Fixed charges (including 7 per cent interest) on new 


investment 


Se ee ee ae eee ee ee eee 9,160 
Interest on working capital at 6 per cent pacman ciaacts 2100 
Technical supervision, administration, purchasing, ete.... 2,500 
Cost of purchased electric power, 8.812.470 kw.-hr. at 
Re i aie ad ag ae cain aren '8 Bald le OS RIE Pa Ue 133,070 
ZAG Bneaa Operate Cast coed ccccusedvetsenswecs $299,710 
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The foregoing estimate of operating costs indicates 
an advantage in favor of the private plant plan of 
$10,060 per annum over and above interest charges at 
the rate of 7 per cent on the difference in invested 
‘apital ($587,000) in the two cases. 

If power had to be purchased on the basis of the 
highest of the three rates shown in Fig. 6, the dif- 
ference in favor of the private plant would be $29,230 
per annum, and if purchased on the basis of the lowest 
rate shown, there would be an advantage of $8,185 
per annum on the side of purchased power. If the 
existing plant and service system were adequate and 
suitable for supplying steam for heating and process 
purposes, making the new boiler house and service ad- 
ditions unnecessary, the advantage would be largely 
in favor of purchased power. Again, if the existing 
plant were of a relatively modern and efficient type, 
requiring only to be extended sufficiently to meet the 
increased load conditions, the advantage would probably 
be largely in favor of the private plant. The possi- 
bility of putting an old plant in more efficient condition 
should always be considered, and comparisons of per- 
formance with and without purchased power should be 
made on this basis. 

OTHER Factors LIKELY TO INFLUENCE DECISION 

In the assumed case the difference in annual operating 
costs is relatively small, and a decision to build a 
complete new plant and generate all power required, 
or to construct a new boiler house only and buy power, 
would probably depend more on other considerations 
than on relative operating costs. On the one hand, the 
management might be influenced to build a complete new 
plant by the greater security and freedom from diffi- 
culties of service which they would enjoy in the control 
and operation of their own plant, this depending largely 
on the transmitted power conditions; on the other hand, 
the added capital requirements for the complete new 
plant and other considerations might determine the case 
in favor of purchased power, in spite of the fact that 
operating costs under this plan might be considerably 
greater. 

It should be borne in mind that the estimates given, 
on which fixed charges are based,gprovide for buildings 
and other facilities, to permit of certain future growth, 
and the costs are consequently higher than they would 
be for a plant designed to meet only the immediate 
needs. Further, it should be kept in mind that the 
cost estimates provide for service other than power, 
and also for important additions to the service system, 
so that in making any cost comparisons on the kilowatt- 
hour basis, it will be necessary to allocate properly the 
expenditures for other purposes than the steam-electric 


plant itself. 
ea ¥y 


IN THE INSTALLATION of new equipment to be oper- 
ated under vacuum, none of the parts likely to be 
subjected to vacuum should be painted before erection. 
The painting should be left until the equipment is 
entirely erected and started up, with vacuum inside. 
When equipment is painted while actually subjected to 
vacuum on the inside, any pores or cracks are thor- 
oughly filled and a visible improvement in the vacuum 
will be observed. If the painting is done beforehand, 
the small openings will be covered over by a thin coat 
and will never become thoroughly filled up. 
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Regulation of High-Speed 
Hydraulic Turbines 


By JOHN S. CARPENTER 


Hivdraulic lEengineer, S 





OW the operating characteristics of the high- 
speed turbine differ from those of the 
moderate-speed machine and how this affects the 
speed regulation of the unit. 
the speed regulation. 


How to caleulate 





N GENERAL, with speed-regulation problems, we 
are directly concerned with the amount of power 
demanded or rejected, the time in which the load 
change takes place, the flywheel effect of the rotating 
masses and their speed of rotation. 
quantities. 


These are basic 
There are, however, certain characteristics 
of hydraulic-turbine runners that exert marked influ- 
ence on the resulting amount of speed variation above 
or below normal, and these determining factors can be 
taken account of in the quantity known as the type 
characteristic or specific speed. Briefly, the type char- 
acteristic or specific speed is the revolutions per minute 
that a given runner would have, under one foot head, 
when built of such dimensions as to deliver one horse- 
power at full-gate opening. 

The older formulas for the computation of hydraulic 
turbine speed regulation were based on a uniform re- 
duction or increase of load within the time of load 
which was approximately true for runners of 
moderate specific speeds then in use. 


change, 


These turbines, 














A full load HP 
. . | 
| B . 
+ N 
| SN G 
: > 
x S\\ 
XQ! . ‘ 
| : INN 
=| = Excess eNCTOY 7” IIL) 
| S| 
‘I NNN. ost time 
i — 0 é 
i 
_ 0 id haat. MITER WNSDY 
Gate Opening and Time 
Fig. 1—Shaded ayvea shows excess energy 


for full load off the turbine 


in starting, came up to normal speed at from 8 to 12 
r cent of full-gate opening. The power-gate opening 
urves showed an approximately uniform increase of 
power up to what is called the “regulating point” of 
he turbine output. This point is that load beyond 
vhich an increase of gate opening is not followed by an 
ncrease in power output. Practically, it is desirable 
) stay somewhat below the absolute power peak, to 

~rovide some margin for operation. 

in the case of modern high-speed runners, it is found 
hat the higher the specific speed, the greater the 

‘mount of gate opening required to bring the turbine 
p to normal speed, as compared with older types. 


Morgan Smith Company, Yark, F 


For example, a reaction-type runner having its best 
efficiency around 110 specific speed (English units), 
requires about 33 per cent of full-gate opening to bring 
it to normal speed. The Holyoke size best efficiency 
of this runner is over 91 per cent. 


A 5-blade pro- 
peller having 


of over 92 per 


a Holyoke size efficiency 
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for full load on the turbine 


cent at a specific speed of about 
speed at 


140, attains normal 
A well-known high-speed 
runner of best efficiency at 200 specific speed reaches 
normal speed at nearly 40 per cent gate. It is to be 
noted that the power curve of the high-speed turbine 
climbs rapidly and thus, for the case of a turbine run- 
ning at friction load, full-gate power would be attained 
in about 60 per cent of the governor stroke. At and 
near full gate the power increase for a given increase 
of gate opening is small. Under such a condition, the 
governor piston would move for at least 10 per cent of 
its travel from full-load position without affecting the 
power output appreciably, and what may appear para- 
doxical, when the load is rejected the output may even 
increase slightly because the unit power of the runner 
increases somewhat, in these high-speed turbines, with 
increase of unit speed. 


35 per cent gate. 


REGULATION WITH LOAD OFF THE TURBINE 


Let Fig. 1 show the gate-opening-power curve for 
unit head of a typical reaction runner of about 110 
specific speed. Assume, for the present, that gate 
opening is directly proportional to time, then the gate- 
opening axis can also represent time in proportional 
units. Assume full load is taken off this unit. The 
servomotors will not start to move at the same moment 
that the load is rejected, as the speed must first increase 
enough to start the governor flyballs moving, and this 
motion must be communicated to the pilot valve, the 
pressure oil started flowing, etc. This time delay may 
take from 0.1 to 0.8 second, depending on the governor 
design and its inherent details. This interval is “lost 
time’”’ increasing meanwhile. 
Supposing that there is no pressure rise or drop in the 
penstocks, the energy affected is that inclosed in the 


and the speed keeps on 
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area A, B, C and D, to which must be added that of 
full output for the “lost time.” The mean power dur- 
ing the regulating time is the energy that goes into 
the revolving masses and increases the speed of the 
turbine. 

The foregoing is true with modifications. For ex- 
ample, the rate at which gate opening is changed is not 
a direct proportional to time; as the servomotors start 
to move slowly at first, increasing in velocity until the 
pistons are quite near the end of the stroke, where the 
ports that carry the oil discharged from the cylinder 
are reduced in size and consequently slow down the 
piston speed. When starting up the turbine, the water 
quantity demand at no load will be such that a 30 to 
35 per cent gate opening will be required, depending 
on the specific speed of the runner. When closing the 
gates due to a load rejection, the effect of penstock 
pressure increases and the energy stored in the rotating 
mass being given out, will cause power to be developed 
in excess of the no-load requirements when the gates 
are closed beyond the no-load position. 

REGULATION WITH LOAD ON THE TURBINE 

Allowing this case to rest here for the present, let 
us take up the “load-on” condition, Fig. 2. Starting 
with the unit running at friction load, suppose that 
full load is applied. In this case there is also a lost-time 
interval before the gates start opening. Assuming that 
the load came on suddenly, as by closing a switch, there 
must be supplied from the kinetic energy contained in 
the rotating masses, the energy represented by the area 
A’, B’, C’ and D’ for the time required to open the gates, 
since the turbine supplies the balance of the power. 
From a comparison of the shaded area in Figs. 1 and 2 
it can be seen that the amount of deficient energy, in 
case of load on is less than the excess of energy to be 
absorbed in the case of load off. This is due to the 
shape of the power curve ABC, If this curve were a 
s:raight line between A and C, and the other conditions 
in the hydraulic and mechanical system remained the 
same in both cases, then the amount of deficient energy 
for load on would equal the excess energy for the same 
amount of load off. For the conditions shown in Figs. 
1 and 2, when the head does not change, the unit in- 
ertia being of normal values, and the gate opening and 
closing times are equal, the resultant speed drop for 
load on will be less than the speed rise for load off. 

By reference to Holyoke tests of modern high-speed 
wheels it will be found that the power varies appre- 
ciably with the speed at one toot head. Therefore, when 
computing the mean excess or deficiency of energy over 
the regulating time it is necessary to correct for this 
variation in output at several points on the gate opening- 
power curve. Also, the effect of non-uniform velocity 
of the servomotor piston must be allowed for. In the 
computations of the coefficients or form factors the last- 
named correction was made by comparisons with tacho- 
graph test data at hand, while the former was checked 
by step-by-step computation with Holyoke and labora- 
tory tests. 


EFFECT OF PRESSURE RISE AND DROP 


The writer computed a number of cases of regulation 
with pressure rise and drop; using step-by-step nu- 
merical methods. It was found that this effect on 
resultant speed variations is taken into account by using 
as a factor the square root of 1 plus the rise or drop 
as later indicated. This conclusion was later checked 
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against a tachograph test of a modern plant in New 
York State, where the pressure rise for full load off is 
over 110 per cent, normal head being about 145 ft. 

The rise in speed, N in revolutions per minute, caused 
by an average excess of power, Hp., over a regulating 
time, ¢ seconds, with a given amount of flywheel effect 
WR’ is given by the formula: 

Nt? —_ Nt = 3,230,000 x Hp. ~*~ 
,—N’, WR 
If the turbine output is stated in terms of its full load 
horsepower and a form factor F is used to correct the 
same to average power, and at the same time express 
the pressure variation, up or down, as a decimal k, the 
final formula becomes 
Nt __ Nt. 3:280,000 X Hp. X t X FVI +k 
2 . 1 WR’ 

N, being the final speed in revolutions per minute 
and N, the normal speed. In the case of load on, the 
subscripts of N are reversed, as the final speed is less 
than the normal value. 

A table of form factors F for load on and off follows 
nm, being the specific speed in English units: 








VALUES OF FORM FACTOR F 


Ng Full Load Off Full Load On Ne 


: Full Load Off = Full Load O 
20 0.56 0.45 1204 0.66 0.37 
40 0.58 6.43 140 0.68 0. 36 
60 0.60 0.41 160 0.69 0.35 
80 0.62 0.39 180 0.70 0.34 

100 0.64 0.38 200 0.71 0.33 


It should be noted that different designs of wheels 
will have values of F slightly different when compared 
with others of the same specific speed, although all the 
wheels compared may have very good efficiency. It 
merely means that some wheels have better regulating 
qualities than others, all other factors being equal. 
Some types of propeller turbines have so much flywheel 
effect in the runner itself that it is worth adding to the 
generator flywheel effect. 


LOAD-ON CONDITIONS IN OPEN FLUMES 


When figuring load-on conditions in open-flume types 
of settings having fairly long canals laid on a slight 
grade, it should be remembered that it is easy to draw 
down 10 to 20 per cent of the head by a sudden load 
demand. The problem is to get the water to the turbine 
quickly enough for load-on cases and to dispose of it 
by spillway or surge tank as quickly in the case of 
load off. 

From test data at hand the speed changes due to 
fractional load changes, stated in per cent of the full- 


load change, are as follows, and are good average 
values: 
Per Cent of Per Cent of 
Per Cent Full Load Per Cent Full Load 
Load Change Speed Change Load Change Speed Chang: 
100 100 25 15 
75 60 10 6 
50 35 


The matter of pressure rise and drop does not appear 
to affect the relative proportions given in the foregoing, 
which was checked out in the case of the previously 
mentioned plant with the abnormal pressure rise. It is 


suggested that those interested check up the foregoing 
formula with the published tests on governors at the 
Holtwood plant of the Pennsylvania Power & Water 
Co., which was published in Power Sept. 18, 1923, and 
Oct. 9, 1923, issues, remembering that the opening and 
closing times of the governor are not equal, 
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Reheating 
[;. POWER stations employing steam pressures of 
five hundred pounds or over, the reheating cycle be- 
comes practically a necessity. There are now four or 
five stations in this country and one in England op- 
erating with such a cycle, and as the use of high steam 
pressures seems assured of further extension, reheating 
is likely to receive continued attention. 

In each of these present stations the boiler type of 
reheater is used and in spite of certain complexities 
is reported to be operating successfully. An alternative 
arrangement is that of reheating with live steam, as 
advocated by Mr. Broido in an article in this issue. 
In its favor may be urged lower initial costs and greater 
simplicity of control. Offsetting these points is the 
fact that with such an arrangement the steam cannot 
be reheated to the same total temperature as the live 
superheated steam—not within twenty-five or thirty 
degrees of that temperature. But Mr. Broido contends 
that this is unnecessary; that by reheating further 
down the expansion curve the steam can be kept dry 
throughout the turbine and that this is all that is 
necessary. 

Admittedly, the gain in economy due to reheating to 
the higher temperature is somewhat greater than to the 
lower temperature, from a B.t.u. standpoint. Each of 
the stations employing reheating has shown remarkably 
yood performance, to which reheating has undoubtedly 
contributed, but to what extent it is difficult to say. 
Sufficient data are not yet available from which to 
determine the net gain due to reheating when balanced 
against fixed charges on the initial investment. The 
final answer must be measured in terms of reduced cost 
per kilowatt-hour, all factors considered, from the 
standpoint of fixed charges and operating considerations. 
It is upon this basis alone that the merits of the two 
systems should be judged. 


Pulverized Coal 
and Stoker Problems 


T IS well to face our difficulties, and there is no deny- 

ing the fact that any departure from long-established 
cractice is bound to develop difficulties. Pulverized coal 
is no exception. Used for years in the cement industry, 
ts adaptation to the boiler furnace was hailed by some 
s the panacea for all the ills of the boiler room, but 
<perience has confirmed the view of more sober minds 
that the remedy has brought with it incidental effects 
hat leave room for improvement. 

This is in no sense a reflection on the ability of those 
ho make orm use pulverized coal equipment. Every 
orward step in the art of power generation has un- 
xpected turns. The stoker is a splendid example of 
his situation. Through the last twenty vears its his- 
ory has been one of problems faced squarely, attacked 








intelligently, and solved more or less completely. The 
present stoker is strikingly different from its fore- 
runners. 

In this issue there are two articles, one stating some 
of the problems confronting the designer and user of 
pulverized-coal equipment, the other describing recent 
developments in the underfeed stoker field. With the 
ability and energy now being devoted to the develop- 
ment of pulverized coal, it is safe to expect that con- 
tinuous improvement will mark the use of pulverized 
coal just as in the case of the stoker. 

The important thing is that no prudent designer, 
whether of a new thing or an old one, dares claim per- 
fection, but rather proclaims his problems and devotes 
his energies to lightening the burden of the plant op- 
erator through their solution. 


The Paradox of 
Power-Plant Investment 


HILE the general method of finding the most eco- 

nomical thickness of heat insulation has been 
known for some time, the necessary data have not been 
available in a form suited to rapid computation. Nor 
are underlying principles as widely understood as they 
should be. For this reason the article by L. E. Whit- 
auker on page 762 of this issue is a timely contribution 
to the literature of the subject. Mr. Whitaker clearly 
outlines the fundamental principles of “economic thick- 
ness” and makes them usable by a series of total-heat- 
loss charts for various combinations and thicknesses of 
insulating materials. 

At first glance it seems paradoxical that the thickness 
of insulation which yields the highest percentage return 
on the investment is rarely the one most economical to 
use. The thinnest commercial thickness of covering in- 
variably yields the highest percentage return. The rea- 
son for this is that the cost of the job increases in ap- 
proximate proportion to the thickness, while the heat 
loss falls rapidly at first and then more and more slowly. 
Doubling the thickness practically doubles the cost, but 
cannot by any possibility cut the loss in half. The 
thinnest covering available will save about three-quar- 
ters of the heat that would be wasted from a bare pipe. 
Piling the thickness up to infinity could do no more 
than save the other quarter. 

As pointed out in the article on instruments (page 
766) and neatly illustrated by Mr. Whitaker’s article, 
money-saving appliances differ from ordinary invest- 
ments in stocks and bonds in the limitation put on the 
amount of money that can be invested at a given rate 
of interest. The thinnest covering available may easily 
yield a return of two hundred per cent or more on the 
investment, but the amount that can be invested at this 
astonishing rate is limited to the cost of covering the 
existing heat-wasting surfaces with such a layer. Hav- 
ing exhausted the possibilities of making two hundred 
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per cent investments, any good business man would be 
interested in a chance to earn fifty per cent, say, on 
the additional cost of the next greater thickness. 

The proper procedure in all such cases is to consider 
a series of propositions of progressively greater cost 
and pass from one to the next as long as each increment 
in cost yields an attractive return. 


The Passing of the Horsepower 


HE automobile is crowding the horse off our city 

streets and country highways, and_ up-to-date 
rational methods of technical thought are crowding the 
horsepower from our engineering language. 

The boiler horsepower is well on its way to oblivion. 
The physical size of a boiler as a structure is more and 
more being stated in square feet of heating surface, and 
the engineering profession is gradually learning to ex- 
press the load on a boiler in terms of the rate of heat 
absorption for the boiler as a whole and the rating or 
relative load in terms of the rate of heat absorption 
per square foot per hour. 

Recently, another horse has been started on his way 
to the happy hunting grounds. At a recent meeting, 
the Advisory Committee on Prime Movers of the Inter- 
national Electrotechnical Commission went on record in 
favor of suppressing the use of horsepower for the ex- 
pression of turbine output, and the substitution of the 
kilowatt in its place. 

Attention was directed to the fact that the kilowatt 
is not an electrical unit, but a strictly mechanical unit, 
in precisely the same way that the horsepower is a 
mechanical unit. The horsepower is defined as 33,000 
foot-pounds per minute, or 550 foot-pounds per second, 
while the kilowatt is defined as 10" dyne-centimeters per 
second. The dyne is a perfectly definite force, being 
defined as the force which will impart unit acceleration 
(one centimeter per second per second) to unit mass 
(one gram). It is true that these units are not in com- 
mon every-day use in this country, outside of scientific 
laboratories, where they are almost universally used the 
world over, but nevertheless they are strictly mechanical 
units. The dyne is a force just as the pound is under- 
stood to be in ordinary parlance. The centimeter is a 
distance exactly as the foot is. The dyne-centimeter is 
a unit of work, being called an erg, exactly as the foot- 
pound is a unit of work, although the latter has no 
special name. 

The watt and kilowatt are useful in measuring elec- 
trical energy only because the basic electric units, the 
ampere, the ohm and the volt, are defined in terms of 
the dyne and the centimeter. Had the electrical units 
been established in other terms, the horsepower might 
have been the appropriate unit. 

Those who have not been accustomed to working with 
units of the metric system will, of course, oppose a 
change of this nature, on the ground that it complicates 
the calculation of results. On the other hand, it must 
be pointed out that it is just as easy to calculate power 
in kilowatts as in horsepower even in the English sys- 
tem of units, and in the metric system, used by many 
of our fellow engineers in other parts of the world, it 
is much easier. For example, in calculating the in- 
dicated horsepower of a reciprocating engine, the area 
of the indicator card is reduced by the application of 
scale constants and engine speed to give foot-pounds per 
unit time, and division by either 550 or 33,000, depend- 
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ing on whether the time is one second or one minute, 
gives the horsepower. This calculation will yield kilo- 
watts if the divisor be changed from 550 or 33,000 to 
737 or 44,200, respectively. With the slide rule in al- 
most universal use, it is just as easy to divide by one 
number as by another, and the only objection to the 
new quantities is that perhaps one will not remember 
them as readily as the old ones. This is a small matter 
because experience shows that even the most awkward 
numbers are readily remembered by those who have 
occasion to use them now and then. For example, few 
have difficulty in remembering the value of 7, and most 
engineers could write down from memory a surprisingly 
long list of numerical constants affecting their work. 

Of course, the horsepower will continue in use for a 
long time, but it is good to know that the present con- 
fusing set of units is gradually being simplified by the 
elimination one at a time of units having the most ob- 
jectionable features. The transition from an irrational 
confusion of numerous systems to a single rational sys- 
tem is an undertaking to which the engineering pro- 
fession must seriously address itself, recognizing, how- 
ever, that such changes can be made only slowly, one 
step at a time. 


Cooling Water Systems 
for Oil Engines 

ONCEDEDLY, much of what difficulty there is 

experienced in oil-engine plants is due to the 
inferiority of the water-cooling systems. When the 
available raw water carries little or no scale-forming 
material, its use directly in the cylinder jackets is 
economically advisable. Unfortunately, most of the oil- 
engine plants are located in districts where the water 
is entirely too bad to be introduced into the jacket or 
piston. In the face of this it is by no means unusual 
to find such water being used, and if a cylinder head 
fractures, the cause is easily shifted to mysterious heat 
stresses. 

Three parties are deeply interested in this problem 
—the engine builder, the owner and the plant engineer. 
The builder appreciates the necessity of a proper water 
supply, but unfortunately too many sales engineers, 
after obtaining the contract for the generating unit, 
are disinclined to point out to the purchaser the neces- 
sity of an additional expenditure in constructing a well- 
designed cooling system. The purchaser is at best not 
deeply versed in engineering and, even if he were 
inclined to be generous in the capital investment of 
the new plant, does not understand the vital need of 
non-scaling water. Obviously, the operating engineer 
must, so far as possible, insist upon the use of the 
proper equipment. 

The most. satisfactory cooling arrangement is 
undoubtedly the closed system in which only rain or 
distilled water circulates, the heat picked up in the 
engine jackets being finally removed by a stream of raw 
water flowing over a set of coils through which the 
raw water is pumped. The investment is not high, and 
the sole operating expense is the extra power required 
by the greater pumping head. 

If a closed system is impossible, chemical treatment 
of the raw water introduced into the system should be 
adopted. The cost may be less than the pumping 


expense of the closed system, but entails some little 
attention from the engineer. 
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Practical Ideas 
From Practical Men 














Home-Made Tube Tester 


In our plant of 8 water-tube boilers, during the win- 
ter we have more split tubes than at any other season. 
The majority of these defects occur in tubes of the 
lower rows nearest the fire, but occasionally one splits 
somewhere in the midst of the tube nest, and valuable 
time is lost in locating the tube to be removed. 

There have been cases where the wrong tube has been 




















Plugs and hose locate the split in the tube 


cut out; this is not only aggravating but expensive in 
both time and material. 

In order to eliminate any chances of making this mis- 
take and having no manufactured device at hand for 
this purpose, our foreman used a couple of pieces of 
wood and scrap pipe from around the shop to construct 
an apparatus for this purpose. 

The pieces of wood were turned down to a proper 
taper to fit the tubes, being about 12 in. long. A hole 
was bored all the way through one of them to allow a 
snug or tight fit for a short piece of pipe, which ex- 
tends into the hole about half way and is connected to a 
hose by means of a union. The other end of the sus- 
pected tube is fitted with a solid plug of wood. 

When the boiler is drained of its water and the de- 
vice is applied to a tube that is thought to be leaking, 
little time is lost in locating the right tube since the 
water will be forced out through the split. 

Pittsburgh, Pa. J. W. GRUNDY. 


Unusual Switchboard for 
Pump-Motor Control 


The panel shown in the figure was built to control 
three 40-hp. induction motors driving pumps in the 
Philadelphia sewage system, and to provide for switch- 
ng of two banks of transformers that supply power for 
he motors. 

Pumping is controlled automatically by means of 
pressure switches governing the number of motors in 
use. The power for running the three motors comes 
‘rom two banks of transformers, one 50 kva. and the 
ther 100 kva. By means of interlocks on the line con- 
tactors of each of the automatic starters, the 50-kva. 





transformer bank is connected to the panel whenever 
one motor only is running. When two motors are in 
use, the 50-kva. bank is disconnected and the 100-kva. 
bank is switched in. When all three motors have been 
installed and are running, both banks of transformers 
will be used. 

The panel bases are of polished white Italian marble, 
each measuring 4 ft. wide by 8 ft. high. Two panels 
are now in use and a third is provided for future ex- 
pansion. Among the devices mounted on the panels are 
three separate automatic resistance-type starters with 
current-limit acceleration, pressure switches for control, 


and thermal relays for overload protection. After com- 














Front of panels for automatic controt of three motors 
and two banks of transformers 


ing through the transformer contactors the power goes 
through a four-pole air circuit breaker, which has an 
overload trip in each of the four circuits. In addition 
to the circuit breaker and transformer contactors, the 
panel has a voltmeter, an ammeter, a curve-drawing 
wattmeter, a watt-hour meter, a pressure gage and an 
automatic starter for a 5-hp. motor. 
Schenectady, N. Y. B. S. HAVENS, 
General Electric Co. 
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Repair to Ammonia Compressor 


A crack developed in the guide trunk of a heavy- 
duty compressor close up to where it joins the cylin- 
der starting on top and traveling around the side till 
it ended at one of the bolt holes in the cylinder flange. 

As it was not convenient to stop the compressor at 
the time, a heavy iron strap was run around the guide 
to hold the crack in check until the machine could be 














Repair patch fitted over crack 


taken off the line. On examination it was found that 
the cylinder had been lined up with metal wedges, 
and shims, which had worked out, throwing the weight 
of the cylinder on the guide trunk. 

The first thing we did was to line up the cylinder, 
with the face of the guides, and drive the wedges into 
place and hold them there with fresh grout, the clamp 
being used to hold the crack from spreading during 
this operation. The clamp was later removed and a 
hole drilled at the end of the crack to prevent further 
spreading. 

It was then decided to make a patch and hold the two 
pieces in place. To do this a tin templet was first made, 
then a piece of 2-in. plate was heated and hammered 
into shape. A sufficient number of holes were drilled in 
the patch to insure a solid joint. Four holes were drilled 
off this patch into the guide straddling the crack. The 
patch was then heated and laid in its place on the guide 
and made fast with the four bolts, and then hammered 
down until it was a good fit. When it had cooled, the 
rest of the holes were drilled through the guide trunk, 
using the patch as a templet. These holes were then 
reamed out and fitted bolts put in. The bolts were 
driven from the inside and the nuts set up as tight as 
possible with a wrench and hammer, making a repair 
that was good for the life of the engine. 

Hollywood, Calif. MAURICE C. COCKSHOTT. 


Information on Blueprints 


The manufacturers and distributors of power-plant 
equipment and specialties give too little information 
on their blueprints and as a result much time is wasted 
in erection. 

Informing a customer of sizes of openings for pipes, 
also how valves are piped, whether to high-pressure 
side, low-pressure side, vacuum or atmosphere, would 
be appreciated, 
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Would it not be advisable for all manufacturers to 
adopt a standard practice of putting the weight of the 
apparatus they furnish on the blueprints they submit 
to the customer? 

It is surprising to see how much valuable time is 
lost in a large organization due to this lack of necessary 
information. LoutIs R. ENGEL. 

New York City. 


How Slamming of Pump Was 
Overcome 


On attempting to start the small boiler-feed pump, 
shown in the accompanying illustration, after the plant 
had been closed down for two years, it refused to draw 
the water from the barrel. It will be noted from the 
sketch that the suction line enters the base of the pump. 
Upon removal of the pump from its foundations it was 
discovered that in closing down the plant the draining 
of the pump base had been overlooked. Consequently 
the water remaining in the base froze and pushed the 
bottom of the base out, putting the pump out of com- 
mission. As it was necessary to place the pump in 
operation as soon as possible, a piece of sheet-rubber 
packing A was cut to fit the pump base and a piece 
of *x8x28-in. iron B was drilled to take the regular 
foundation bolts. The rubber packing was next placed 
on the pump base, covering the break, and the iron 
plate was bolted over it, using the short bolts C in the 
regular foundation bolt holes to pull the joint tight. 
The pump was then bolted to its foundation, which was 
of wood with other bolts D. When the pump was again 
started, it operated satisfactorily. 

From the time this pump was first started it slammed 


with sufficient violence to cause excessive 


vibration, 
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Air chamber on suction line stopped pump slamming 


and it was concluded that the trouble was caused by 
the momentum of the column of water in the suction 
line at the instant the pump reversed. An air cham- 
ber was installed on the suction line as indicated on 
the sketch. This partly remedied the trouble. A pet- 
cock was next connected in the top of the suction cham- 
ber and adjusted while the pump was operating. This 
practically eliminated the troublesome slam. The 
adjustment of the pet-cock is changed slightly when 
the water is high in the barrel. The slam could have 
been eliminated by changing the suction piping, but 
this was not desirable owing to other conditions. 
Wise River, Mont. F. W. GOLDSMITH. 
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Comments from Readers 














Protecting Blowoff Lines 


In the Jan. 5 issue of Power F. E. Bateman asks for 
a plan to protect blowoff pipes. In the illustration is 
shown a simple method that I have used for a number 
of years. Connect a pipe from the steam space outside 
of the rear wall down to the blowoff pipe, with a valve 
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Méthod of preventing blowoff pipe trouble 


to close when blowing down. One then has a constant 
circulation through the blowoff pipe and blowoff troubles 
are over. There is no need of covering the blowoff 
pipe. W. A. FISHER. 


Exhaust vs. Live Steam for 
Heating Purposes 


I wish to comment on some principles in John Gr. 
Smedley’s statement on “Exhaust vs. Live Steam for 
Heating Purposes,” in Power of March 16. 

We have a non-condensing turbine belted to com- 
pressors through a lineshaft. During the heating sea- 
son a back pressure of 30 lb. is maintained to heat two 
large mills and an office with the exhaust. A fan forces 
air through the heaters, and the warm air is piped to 
various positions in the mill, the heaters being situated 
centrally in each mill and being drained by traps. The 
heaters are approximately 300 and 200 ft. from the 
source of steam supply. 

In the first installation the steam was transferred 
through a 3-in. line; this being unsatisfactory, a 10-in. 
line was installed, with better results. But on the 
500-lb. transfer the steam condensed so badly that the 
system was not practical, although 20 lb. was main- 
tained on the heater. Live steam was the only remedy 
for the office and the large mill, it being sent to the 
heater at 510 deg. total temperature, but at the same 
pressure as the exhaust steam. If the steam was main- 
tained at the same pressure throughout, with equal 
amount of velocity at all points, live steam would give 
better results because it contains more heat units to be 






distributed, and there will be less flow of steam per 
hour. At a rapid velocity the steam does not have a 
chance to radiate in its passage of a given point or 
points. 

In a steam boiler the fire might be burning at a rapid 
rate and have a high stack temperature, yet you might 
be getting poor efficiency and low COs. §. W. Hay. 

Bedford, Ind. 


Hydrostatic Test for Boilers 


I have been interested in the recent discussion on 
the hydrostatic test for boilers and I should like to add 
to what has already appeared on this subject. In my 
opinion there are times when a hydrostatic test is a 
good thing and should be used, and I will cite one in- 
stance to show where it did good. 

On a large horizontal water-tube boiler, with cast- 
iron vertical headers, that had been shut down for clean- 
ing, a thin coating of scale was found on one of the 
headers near the bottom. The scale was scraped off 
but the workmen reported that no sign of a crack could 
be found. When the cleaning and repairs were finished, 
the boiler was put back in operation for another period 
of thirty days, which was the length of time between 
cleanings. 

On the next cleaning another lot of scale had formed 
in the same place, but thicker than before. The scale 
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Crack in header showed up when hydrostatic 
test wag applied 


was cleaned off and the boiler closed up, then a 150-Ib. 
working pressure of the boiler hydrostatic test was ap- 
plied, which showed the header to be cracked at the 
bottom as illustrated. The contraction caused by the 
cold water, opened up the crack so that the water could 
be seen coming out. A crack like this might have 
-aused a serious accident if it had not been found. The 
eye of an experienced man and a small test hammer 
could not have located this leak. 


Norway, Mich. THOMAS PASCOE. 
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Another Ammonia Fallacy 


While dispelling some ammonia condenser fallacies 
in the March 30 issue, H. J. Macintire says: “If the 
action is such that diffusion, which varies as the square 
root of the vapor density, is not possible, as is usually 
the case in pipe condensers during operation, and the 
air collects at one end of the condenser, it exerts an 
action similar to that of a piston on the entire con- 
denser and liquifaction will take place at a temperature 
corresponding to the total pressure p, + p,, even in 
the zone which has practically pure ammonia.” 

I wonder if Mr. Macintire has ever tried to visualize 
the action he describes; that is, just how the air “col- 
lects” at one end of the condenser? Under what condi- 
tions is diffusion rendered impossible? How can an 
accumulation of air in a condenser act like a piston? 

Los Angeles, Calif. C. O. SANDSTROM. 


Babbitting Bearings 


The letter from E. Darwell, on page 501, March 30 
issue of Power, contains some excellent advice. He 
suggests using putty instead of clay for closing the 
ends of bearing shells while rebabbitting them. 

This is usually the material used when rebabbitting 
all small bearings, clay being seldom if ever used. When 
working large bearings the case is different. Most men 
who have used putty alone in the latter case will per- 
haps recall times when the run was spoiled because 
the heated putty at the bottom or side of the bearing 
moved slightly, because of the pressure of the molten 
metal, and allowed some of the metal to flow out. The 
danger of this happening can be greatly lessened if 
a little oil and heat are used to soften the putty and 
it is then rethickened and restiffened by working in 
powdered asbestos or mineral wool. 

When this is done, it will require considerable more 
heat and pressure to move it than is the case with 
putty alone. Putty treated in this way has been used 
by water and gas main pipe layers for years, for coating 
the rove runners instead of using clay. The putty 
mixture does not require resoftening after every few 
runs, as does clay. Of course the factory-made asbestos 
joint runner, or dam, with clamp attached, is generally 
used with running pipe joints, but there are many men 
who stick to the old treated rope method. 

Toronto, Canada. JAMES E. NOBLE. 


What Is the Engineer’s Standing 

Carl F. Miller in Power, March 23, has given a very 
good reason why he has discontinued taking the journal. 
He states that he is receiving eight cents more per hour 
for doing work that does not require any special train- 
ing, or, to speak more plainly, for doing work that any 
unskilled laborer can do. 

When he dropped out of the engineering profession he 
did just what hundreds of other engineers have done 
and for the same reasons—that is, long hours, low pay 
and lack of appreciation on the part of his employers as 
to the engineer’s efforts to get the best results from the 
equipment under his charge. 
position is a responsible one. 


As a rule, the engineer’s 

Steam, mechanical and 
electrical equipment, the value of which runs up into 
thousands of dollars, is directly under his charge. He 
is held responsible by either the government, state or 
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city authorities and insurance companies, sometimes by 
all four, for the safety, health and comfort not only of 
those within the building where he is employed but in 
a good many instances of those on the outside as well. 
To be proficient in his calling he must be master of 
many different trades or professions. Only by years of 
increasing toil and study can he obtain the necessary 
experience properly to hold an engineer’s job so that 
he may give his employer the service that he should get. 

In the first place, he must know all about boilers, en- 
gines, turbines and pumps. Secondly, he must be an 
electrician, carpenter, pipe fitter, plumber, brick layer, 
steel worker, machinist and a lot of other things too 
numerous to mention. 

He must have a library on engineering subjects as 
well as subscribe to one or more technical papers and 
magazines, for if he stops studying he soon becomes out 
of date. For all of this he receives less pay than any 
one of the above-mentioned workers. 

The Foreword in the March 23 issue, addressed to 
the employers of engineers, is timely. It is hoped that 
some of them will take time to read it and think it over. 
They should be brought to a realization of the fact that 
the engineer is a very important cog in the wheel of 
business. Very often the power plant and the man that 
operates it are determining factors as to whether his 
employer’s business shows a profit or a loss at the end 
of the year. It is not fair to engineers that they should 
be compelled to seek other means of livelihood where 
working conditions are more attractive and the compen- 
sation is more, but no doubt that they are justified in 
acting the way they did, for eventually they will better 
themselves financially, as well as have better health and 
enjoy more peace of mind. JOHN H. SCHMIDT. 

Baltimore, Md. 


Purchasing Coal on Specification 


Otto Kohr’s comment in the April 20 issue on H. D. 
Fisher’s letter about my article, “The Purchase of Coal 
on Specification,” is welcome because it sets forth the 
view which I have been hesitant about expressing, 
namely, that Mr. Fisher has missed entirely the main 
point of the article. I feel that the views presented by 
Mr. Fisher are the result of insufficient knowledge of 
mining technology and the use of coal, and not inten- 
tionally quibbling. 

The original theme of the article, “that by experi- 
ment, the stokers available should be adapted to the 
coal available, and then some means taken to protect 
against carelessness nullifying all the previous experi- 
mental work, by laying down purchase specifications,” 
must be admitted by those who have gone through the 
stoker experimental stage, to be incontrovertible. 

The Engineering Experiment Station of Pennsylvania 
State College, in its Bulletin No. 14, presents results 
secured from inquiries to a few of the larger coal 
buyers, showing that in these cases there is no quib- 
bling or see-sawing between buyer and seller over 
methods of sampling, and it is common knowledge that 
the sampling problem is the smallest of the many con- 
nected with the purchase and use of coal, among all 
the larger buyers of coal in this country. 

Therefore is it not likely that the point discussed by 
Mr. Fisher was of such small moment as to have been 
better left untouched ? CHARLES H, COLBORN. 

Jeannette, Pa. 
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How About the Fireman’s Pay? 


In the March 23 issue, the editor has written an 
excellent Foreword concerning “Power-Plant Engineers’ 
Wages.” These wages will eventually be received by 
some who are now firemen. 

Let us ask another question: 
paid their worth?” 

Numerous power-plant executives will admit that the 
boiler room is the heart of the power plant, but this 
department is receiving the least consideration of all, 
especially concerning wages. Modern appliances for the 
saving of time, labor and money may be installed. 
Still, in this era of advancement, man has not yet been 
entirely replaced by machinery. Proper firing can not, 
or has not yet been accomplished without the aid of man. 

An intelligent fireman can be very active in the sav- 
ings produced by the management of a power plant, 
if he is so inclined. However, if he is not amply com- 
pensated for his endeavors to effect economy for his 
employers and with the vision of the present rate of 
engineers’ wages before him, how can he be expected 
to remain in the game? 

It may be possible that Carl F. Miller is right in his 
letter which was made the basis of the editorial in 
question. 

More power to the engineer, but a little more con- 
sideration in general should be shown toward the firemen 
in their present positions. JAMES W. GRUNDY. 

Pittsburgh, Pa. 


“Are stationary firemen 


Engineering Students Dropping Out 


In a communication appearing in the March 16 issue 
E. Ogur states that 80 per cent of the engineering 
students in our colleges enroll as a result of deliberate 
misunderstanding of the opportunities that engineering 
offers, and further suggests that the lack of economic, 
spiritual and financial independence experienced by engi- 
neers is such that few would have taken up this line of 
work if they had been aware of the conditions confront- 
ing them. After reading his letter one is led to the 
conclusion that, in his opinion, engineering is not so 
much a profession as a mistake. 

Now if he means that the majority of engineering 
students have been deliberately misled by some person 
or persons unknown, I cannot agree with him, but if 
he means that 80 per cent of the college freshmen 
entered college with very little knowledge of the oppor- 
tunities, or lack of opportunities which exist in the field 
for which they had decided to prepare themselves, I 
most heartily agree with him. I make this statement as 
the result of many intimate talks that I have had with 
recent graduates, but in spite of this it does not follow 
that most of these young men have made a mistake in 
becoming engineers; in fact, I am quite convinced that 
most of them have not. 

During the years in which I have been connected 
with engineering, I have doubtless become acquainted 
with several thousand men engaged in this line of work, 
and although most of us at times have envied those 
engaged in more remunerative lines, and sometimes 
even decided that we would ourselves try something 
else, we have generally, I think, felt that it was not 
money that was binding us to our chosen field, but a 
more fundamental urge which we would ignore at our 
peril. 

It is a most obvious thing to assume that the gov- 
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erning factor in deciding upon one’s life work is the 
question of remuneration, but like most other appar- 
ently obvious things, this is far from being generally 
true, and in connection with this we may learn a lesson 
from history. 

What art was to Greece, what the conquest of the 
sea was to England and other great maritime nations 
of the past, so are the conquest and utilization of the 
forces of nature to those who have inbibed the spirit of 
America. 

England has never lacked men for her navies; sons 
of her most famous families have forsaken surround- 
ings of ease and luxury to live under conditions which, 
until within recent years, did not afford the comforts 
enjoyed by the average American laborer of today, and 
seldom did the monetary return cover the cost of living. 
Many a merchant seaman has advised his sons not to 
go to sea, but as for himself, what could he have done 
but follow the call of his heritage, in spite of all 
hardships and dangers, and today in this country we 
have thousands of young men who are being urged by 
an overpowering racial instinct to enter the engineering 
field. 

Fortunately, the community can use them all, and 
could use many thousands more if only the possibilities 
were more clearly recognized. 

This is a mechanical age, and America stands head 
and shoulders above all other nations in the use of 
machinery and engineering processes. Nearly every- 
thing we touch, eat or drink, is an engineering product. 
A woman may sew by hand, but it is with a machine- 
made needle, and machine-made thread, on a machine- 
made fabric. She may cook, but only with machine-made 
utensils on a machine-made range. The very water we 
drink comes from machine-dug reservoirs or machine- 
driven wells, and is pumped by machinery through 
machine-made piping. Indeed we might almost ask in 
these times, Who should not have an engineering edu- 
cation? 

If we would only spend a small part of the money 
and time in educating the public, not forgetting our- 
selves, as to the nature of the services that technically 
trained men can render to the community, which is 
spent by some of our more progressive friends in 
creating a market for their products, I think that people 
would not have so much cause to lament the lack of 
economic, spiritual and financial independence among 
engineers. I admit that under existing conditions there 
is a certain amount of reason for the complaint, but 
the remedy is to a large extent in our own hands, and 
the problem will not be solved by refusing to carry on, 
and conquer our difficulties. 

This is a new age, but too many of us are thinking 
in terms of an age that is past. The fight today is 
not for political justice but for economic justice, and 
no country has made greater advances in this direction 
than our own; semi-pauperism tempered by charity, 
has no legitimate place in our modern economic philos- 
ophy, the need for services of any kind at less than 
their legitimate value does not exist. The first com- 
mandment of industrial ethics is, ““Remember that the 
laborer is worthy of his hire.” 

Our particular duty as engineers is to keep this law, 
and to see to it that our young men have every oppor- 
tunity to make themselves of the greatest possible value 
to the community, and that the community pays for what 
it gets. JAMES O. G. GIBBONS, 

Newark, N. J. Consulting Engineer. 
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Questions and Answers 














Oil in Boilers 


Will a slight amount of cylinder oil reaching the 
tubes of a boiler cause them to bag or blister? 


If any appreciable amount of oil goes on the tubes 
or shell, bagging or blistering may occur. This is for 
the reason that oil is an excellent non-conductor and 
interposed between the metal and the water, prevents 
the water absorbing the heat passing from the fire to 
the metal. As a result the tube overheats and may 
bag. Oil should be kept out of a boiler. 


Troubles with Superheated Steam 





What are the disadvantages of using superheated 
steam? 


Operating engineers found difficulty in keeping gas- 
kets tight when first using superheated steam, and some 
valve and pipe fittings were not suited to it. These 
troubles have been overcome, and aside from that, there 
is no disadvantage in the use of superheated steam. 
For many purposes the use of superheated steam results 
in marked economy in fuel. This is notably true where 
steam turbines are used. 








Will Liquid Damage Ammonia Compressor? 


If the expansion or shut-off valves are at top of the 
wall coils of refrigerating plant, can the gas come back 
to the machine wet enough to cause damage to the 
compressor cylinder ? 

If you are carrying the coils completely filled with 
liquid, there is danger of slopping over of the liquid 
into the suction line upon starting, provided the coils 
are filled with liquid and the expansion cocks have not 
been shut, and the compressor is pumped down some- 
what before closing down. 


Finding Horsepower of Centrifugal Pump 

Kindly explain the method used in calculating the 
power needed to operate the conventional type of centrif- 
ugal pump. Explain in a brief way, taking a certain 
size pump, figuring on a given lift and head. IT have 
a 25-hp. high-speed gas engine driving a pump and 
I wish to figure the load on tt. 

Assume a 5-in. pump delivers 600 gal. per min. and 
that a pressure gage placed close to the discharge con- 
nection to the pump registers 21 lb. per sq.in., and a 
vacuum gage placed at the suction elbow of the pump 
shows a vacuum of 10 lb. The vertical distance between 
the two gages will be taken as 2 ft. The work done 
is the lifting of the weight of water, or 600 * 8.33 Ib., 
the vertical distance plus the friction losses (included in 
the gage reading). This is equivalent to 2.38 (21 +- 
10) plus the vertical distance between the gages, or 
2 ft. Work 600 & 8.33 (2.33 K 31 + 2) = 371,002 

371,002 . 
ft.-lb. or 33.000 The effi- 
ciency of the pump would besabout 70 per cent, making 
the horsepower required at the shaft 11.2 —- 0.70 = 16, 


11.2 + horsepower. 


Leaks in Carbon Dioxide Refrigerating System 


In operating a CO, refrigerating machine we lose 
heavy charges of gas. Please advise how and by what 
reagent can the leaks be located around the machine 
and in the brine tank. 


If there is any large amount of carbon dioxide in 
the brine, the acidity of the resulting mixture will 
cause blue litmus paper to turn pink. It would be 
possible, however, for you to have a considerable loss 
in the brine before the brine would become acid enough 
to cause action on the paper. To detect leaks at joints, 
the safest thing to do is to use soapsuds on the sus- 
pected spot, and the carbon dioxide blowing out of a 
leaky joint or gasket will cause bubbles to form in the 
soap lather. You should have your carbon dioxide 
treated with peppermint or some other strong-smelling 
flavoring extract, so that a leak could be detected by 
the strong odor of the air around the joint. 


Boiler Installed in Cramped Space 


Two 3,400-ft. cross-drum water-tube boilers are to be 
installed in a basement the height of which is so re- 
stricted as to require special design of the boiler and 
arrangement of the connections. The steam and water 
drum is only 42 in. in diameter. The front circulation 
tubes enter the drum ona level with the center, whereas 
circulating tubes to rear header leave at a point only 12 
in. lower, thus producing a pocket of dead water 9 in. 
deep in the drum. The steam supply leaves from the 
top of the drum with a dry-pipe attachment. Will there 
be any pronounced tendency to surge? The head rooni 
will not permit the main steam valve to be set in a ver- 
tical position. Is it practicable to use stop and auto- 
matic-stop valves with the stems horizontal? Rotating- 
head soot blowers are to be installed. Is it the custom 
to install dusting doors in the settings, aside from the 
openings for these blowers, or can they be eliminated? 


With a drum of restricted diameter and such a pocket 
of dead water there would be danger of surging. If 
the manufacturers have not already taken care of this, 
provision should be made for draining the dead water 
from the steam drum back into the circulating system 
of the boiler. 

There is nothing to prevent using ordinary stop 
valves with the stems in a horizontal position, although 
some inconvenience may be expected from leakage of 
condensation around the valve stems. Perhaps space 
will permit tilting the valve stems slightly above the 
horizontal position to keep condensate from the stuffing 
box. Metallic packing will help. As to automatic stop 
valves, they should be installed if it is possible to man- 
age it. It is possible to obtain such valves designed to 


operate in a horizontal position. Before proceeding 


with the erection it would be well to get the approval 
of the local boiler inspector. 

The installation of dusting doors in the settings may 
be a convenience at times, but they are likely to cause 
losses due to radiation and air leakage, 














May 18, 192 


POWER 


~] 
Oo 
J) 














News in the Field of Power 

















National Electric Light Men In Convention 
at Atlantic City Plan Industry’s 
Progress 


Thomas A. Edison Guest of Honor — Merchandising and Salesmanship 
Outstanding Topic — Inter-connection of Power Lines, Coal Con- 


sumption and Electrification of Farms on Program 


ONVENING at Atlantic City, N. J., 

May 17-21, will gather eight 
thousand representatives of the electric 
light and power industry to discuss the 
affairs and problems involved in the 
business of serving an ever-increasing 
public, which in the last year had added 
a million and a half new customers and 
now represents over a million customer- 
owners. 

The present N.E.L.A. convention, the 
forty-ninth, will accordingly consider 
all vital issues confronting the indus- 
try’s immediate problems and future 
plans of growth. It is realized that its 
service to eighteen million patrons will 
not remain at that figure, but that with 
time, and at that a comparatively short 
while, a great expansion and develop- 
ment will have to be met and solved. 

Among the problems to be discussed 
along these lines will be the develop- 
ment of power reserves through inter- 
connecting power lines; the leasing of 
Muscle Shoals for power service; the 
engineering advances which have pro- 
duced as much electricity from one and 
nine-tenths pounds of coal in 1926 as 
was produced in 1920 from three pounds 
of coal; the running of electric lines into 
farm sections and the development of 
improved urban service. 

FIRST GENERAL SESSION 


With the exception of the afternoon 
session of the Accounting National Sec- 
tion on Tuesday, the day of this publi- 
cation, all the business sessions will be 
held on the Million Dollar Pier. 

The Hon. Edward L. Bader, Mayor of 
Atlantic City, will open the first gen- 
eral session on Tuesday morning with 
a welcoming address. This will be fol- 
lowed by the presidential address of 
President Davidson. Treasurer W. A. 
Jones and Managing Director M. H. 
Aylesworth will both give their reports 
for the year. These will be followed by 
a report from M. S. Sloan, chairman of 
the Public Relations National Section. 
Owen D. Young is scheduled next for 
an address. R. H. Ballard will have as 
the subject for an address, “What Is 
the Function of the N.E.L.A.?” 

PusLic PoLicy NIGHT 

The principal speaker Public Policy 
Night will be Owen D. Young of the 
General Electric Co. Martin J. Insull, 
chairman of the Public Policy Commit- 
tee, will present the report of that com- 
mittee, and President Davidson, who is 
also chairman of the Charles A. Coffin 


Prize Committee, will give an address 
and present the award to the company 
winning the Charles A. Coffin Medal. 
Elisabeth Rethberg, soprano of the Met- 
ropolitan Opera, will sing upon the con- 
clusion of Mr. Young’s speech. Vincent 
Lopez and his orchestra will play before 
the formal opening of the meeting and 
also during the meeting between some 
of the addresses. The entire program 
will be broadcast over the radio. 


THOMAS A. EpISON To BE PRESENT 


Thomas A. Edison is expected as the 
principal guest this year. His appear- 
ance at Atlantic City will be an event 
of wide attraction, as he has found it 
necessary for many years to refuse 
practically all invitations to conventions 
and public functions. 

A long list of other notables, both in 
the industry, and in National and pro- 
fessional life, will be on the program. 
Merchandising and salesmanship will be 
the outstanding topic at this year’s con- 
vention, with public relations and inter- 
connection also receiving considerable 
space on the program. Among some of 
the invited speakers who will be on the 
convention program, are Edward L. 
Bader, Mayor of Atlantic City; Honor- 
able James J. Davis, secretary of the 
United States Department of Labor; 
B. C. Forbes, editor of “Forbes Maga- 
zine;” A. G. Paterson, president of the 
National Association of Railroad and 
Utilities Commissions; Bruce Barton, 
advertising man and writer; Mrs. Mary 
Kink Sherman, president of the General 
Federation of Women’s Clubs; S. H. 
Thompson, president of the American 
Farm Bureau Federation; Robert H. 
Montgomery, of Lybrand, Ross Br-thers 
& Montgomery; S. W. Parr, University 
of Illinois and Dr. T. J. Grayson, Uni- 
versity of Pennsylvania. 


Case School Gets a Million; 


To Erect M. E. Building 


Progress of the campaign to raise 
funds for a new mechanical engineer- 
ing building and for additional endow- 
ment for the Case School of Applied 
Science, Cleveland, Ohio, has been an- 
nounced by Dr. Charles S. Howe, presi- 
dent of the school. 

Answering a call to raise $300,000, 
the alumni quota and the condition of 
a gift of $500,000, more than 60 per 
cent of former students have subscribed 
a total of $404,000 to date; and dona- 


tions from the remaining students con- 
tinue to pour in. 

The original gift initiating the pres- 
ent development of the school was for 
$500,000, made by Charles W. Bingham. 
When this was announced, his son, 
Charles W. Bingham II, duplicated the 
sum. In this way the first million was 
obtained. With half of the total sum 
the mechanical building will be started 
immediately, and other projects of 
progress will soon be undertaken. 


Government Calls Meeting 
on Valve Standardization 


Following proposals for the reduc- 
tion of the number of sizes of wrought 
iron and steel pipe, valves and _ fit- 
tings, submitted by the Manufacturers 
Standardization Society of the Valve 
and Fittings Industry, through its sub- 
committee on the simplification of 
product, the Department of Commerce 
will convene a general conference of 
technical experts, manufacturers, dis- 
tributors and consumers, to consider 
means of standardization, the morning 
of May 28 at the Commerce Building, 
Washington, D. C. 

For some time there has been in 
progress a survey of current practice, 
the ultimate purpose of which has been 
to eliminate superfluous sizes of the 
products arising from the pipe indus- 
try. This conference, at which the de- 
tails involved and the development of a 
unanimous simplified practice recom- 
mendation will be studied, is the first 
step in trend long thought necessary. 

The Department of Commerce is now 
issuing invitations to the meeting to 
all who are professionally interested 
in this matter. The problem, under the 
following headings, will be discussed: 

I. Sizes of wrought-iron and wrought- 

steel pipe, valves and fittings in 
common use. 
Il. A recommended range of sizes for 
future practice. 

III. The possibility of using this ree- 
ommended schedule as a 
for further simplification, 


basis 


Cheat Haven, Pa., Gets Water 
Power Development 


The West Virginia Power & Trans- 
mission Co., a subsidiary of the West 
Penn interests of Pittsburgh, is near- 
ing the completion of its initial power 
desvelopment on the Cheat River at 
Cheat Haver, Pa., on the state line 
between Pennsylvania and West 
Virginia, seventeen miles south of 
Uniontown. 

The first of the four 16,000-kva. 133- 
r.p.m. waterwheel generator units that 
will make up the generating equipment 
of this power station, was tested and 
shipped from the East Pittsburgh 
Works of the Westinghouse Electric & 
Manufacturing Co. recently. 
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Coal Bill Modified, Ready; 
But Senators Homesick 


Influenced largely by the speedy set- 
tlement of the general strike in Great 
3ritain, the report from the Senate 
Committee on Education and Labor 
made by Senator Copeland to urge the 
passage of the coal regulatory legis- 
lation at this session of Congress, pre- 
sents a distinct modification of its orig- 
inal provisions. 

The clause providing for seizure and 
operation of the mines in an emergency 
has been dropped, the committee hav- 
ing decided the proposition extremely 
unwise. “It need not be pointed out,” 
reads the report in reference to this at- 
titude, “that grave constitutional ques- 
tions are involved in this suggestion. 
It was the opinion of the majority of 
the committee that no good end would 
be served by forcing such issues in the 
absence of immediate necessity.” How 
much this opinion was influenced by 
pressure from the coal associations, and 
other propaganda, must be a matter of 
conjecture. 

Although this change curtails the 
originally proposed power of the Pres- 
ident during a national emergency, the 
bill still provides that if necessary, he 
may revive the Federal Fuel Distributor 
act of Sept. 22, 1922. In substance the 
bill is built on the plan for a fact-finding 
committee of the Bureau of Mines of 
the Department of Commerce with the 
function of investigating conditions and 
arranging the amicable adjustment of 
all disagreements and difficulties be- 
tween miners and operators. 

With many members of both Houses 
impatient to leave Washington and 
the pressure for the bill lessened on 
account of the settlement of the British 
strike, it is doubtful that the bill will 
be pushed further this session. 


District Heating Men Plan 
Broad Survey For Meeting 


At the seventeenth annual convention 
of the National District Heating Asso- 
ciation, meeting at the Niagara Hotel, 
Niagara Falls, N. Y., June 1-4, a num- 
ber of papers and reports of special 
interest will be read and discussed by 


leading experts in the electrical and 
heating field. 

Outlining recent developments and 
gaging the future trend of central- 


station heating, a comprehensive study, 
illustrated by motion pictures, will be 
made through the presentation of six 
papers and addresses by James D. Hurd, 
New York Steam Corp.; J. H. Walker, 
Detroit Edison Co.; Charles H. Day, 
Cleveland Electric DUluminating Co.; 
T. E. Purcell, Allegheny County Steam 
Heating Co.; R. D. De Wolf, Rochester 
Gas & Electric Corp.; and L. E. Young, 
Union Electric Light & Power Co., St. 
Louis, Mo. 

The report of the station operating 
committee will give the practical re- 
sults of the use of powdered fuel and 
of fuel oil in heating, and also results 
obtained from electrical heated boilers 
in Canada. Committees will present 
reports on the following topics investi- 
gated: rates and regulations, operating 
statistics, distribution of hot water, heat 
utilization, and welding pipe. 
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R. Sanford Riley, Stoker 
Manufacturer, Dies 


R. Sanford Riley, president of the 
Riley Stoker Corp., Worcester, Mass., 
and one of the most distinguished com- 
bustion engineers in the profession, 
died at his home in Worcester May 7. 

Born in Hamilton, Ont., 1874, Mr. 
Riley was graduated with honors from 
the Worcester Polytechnic Institute in 
1896. His early career included service 
as a draftsman with William Cramp & 
Sons, Philadelphia, and for a time he 

















R. Sanford Riley 


was employed by the Baldwin Locomo- 
tive Works, Northern Pacific Railway, 
and as an instructor in mechanical en- 
gineering at the Worcester institute. 
In 1899 he enlisted as a marine engi- 
neer in the U. S. Navy and saw service 
in Asiatic waters. From 1906 to 1908 
he was assistant to the chief engineer 
of the New York Shipbuilding Co., 
and was president of the American 
Ship Windlass Co., Providence, R. I., 
from 1906-11. 

His most notable work was the de- 
velopment of the Taylor Stoker and the 
invention and development of the Riley 
stoker, and in 1912 he organized the 
Riley Stoker Co., which later purchased 
the Murphy Iron Works, Underfeed 
Stoker Co. of America, A. W. Cash 
Co. and United Machine & Manufactur- 
ing Co. There are also two foreign 
corporations which Mr. Riley headed, 
the Riley Engineering & Supply Co., 
Ltd., of Toronto, Canada, and the Riley 
Stoker Co., Ltd., of London, England. 

Mr. Riley held a first-class engineer’s 
license without tonnage limitation and 
during the war served as field officer 
of the Emergency Fleet Corporation, 
in which he organized the performance 
department and was in charge of all 
trial trips. He was formerly president 
of the Stoker Manufacturers’ Associa- 
tion, and was a member of many engi- 
neering societies and civic organiza- 
tions. He had been a member of the 
A.S.M.E. since 1906. 

The passing away of Mr. Riley will 
be a matter of genuine sorrow to many 
people, not only in his home community 
but also throughout the entire engi- 
neering world. His death closes a 
sareer of much more than usual success. 
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Wide Activity In Pure Science 
Planned by Universities 


Plans for a comprehensive national 
survey of research possibilities in pure 
science were made at a conference at 
the University of Pennsylvania in 
Philadelphia on Monday, May 3, which 
was attended by representative of uni- 
versities, research institutions, founda- 
tions supporting research efforts, com- 


mercial laboratories and national 
scientific societies. The conference was 


held on the initiative of certain uni- 
versity heads and comprised men in- 
terested only in the physical sciences. 
Plans were made, however, for a larger 
meeting to be held next fall that will 
bring together those interested in every 
phase of rsearch. 


The National Rsearch Endowmen, 
under the leadership of Secretary 
Herbert C. Hoover, Elihu Root and 


Charles E. Hughes, is engaged in a 
campaign to raise $20,000,000 to aid 
American universities in carrying on 
fundamental research during the next 
ten years. 

One of the objects is to impress upon 
the public that applied science depends 
upon pure science and that pure science 
must be furthered if applied science is 
to grow and benefit the individual, the 
nation and industry. 

President Josiah H. Penniman, of the 
University of Pennsylvania, presided at 
the conference and spoke of the in- 
creasing amount of attention paid in 
recent years to the development of 
research in universities and in other 
laboratories. He pointed out that dis- 
cussions on the subject have arisen out- 
side of university circles and that it is 
time for the universities interested in 
research to discuss how to promote its 
success. 


On Again, Off Again— 
Muscle Shoals Bill 


All indications are that the Muscle 
Shoals bill will not become a law at this 
session of Congress. 

A very determined 
made, particularly by 
tors, to secure a vote 


effort is being 
Southern Sena- 
on the measure 


recommended by the Joint Congres- 
sional Committee. This attitude is 


influenced largely by the desire to se- 
cure distribution of the power for public 
utility use. They are joined by others 
who feel that it is a reflection on Con- 
gress not to make some disposition of 
this matter which has hung fire so long. 

The fact that the Joint Committee of 
the Senate and House should have rec- 
ommended the offer of the Associated 
Southern Power Companies came as a 
surprise to most members of Congress. 
There had been strong farmer support 
for the offer of the American Cyana- 
mide Co. Further support for that offer 
came from those who feel Muscle Shoals 
‘an be used to the greatest advantage 
for chemical manufacture, 

It is very generally recognized, how- 
ever, that the Joint Committee did a 
very good job of trading and has se- 
cured a bid from the power companies 
which it will be hard for any other bid- 
der to meet, even were Congress to vote 
down the pending bill. 
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Papers of Interest For 
Power Men 


Among important papers to be read 
at the annual convention and steel ex- 
position of the Association of Iron and 
Steel Electrical, Mechanical, Combus- 
tion and Safety Engineers, to be held 
at Hotel Sherman, Chicago, June 7-10, 
will be a number of addresses and re- 
ports of special interest to men in the 
power field. 

Refractories for steel mills will be 
discussed by M. S. Booze, Mellon Uni- 
versity; W. J. Harper, Donner Steel 
Co.; M. J. Conway, Wheeling Steel 
Corp.; E. W. Trexler and W. H. Kelly, 
of the Bethlehem Steel Co. 

A description of auxiliaries, boiler 
plant equipment, Nordberg reversing 
uniflow engine and operating control, 
together with results of tests of the 
Nordberg engine giving steam con- 
sumption per ton of steel rolled, will be 
discussed at length. 


Explosion in an Enclosed 
Steam Engine 


A somewhat unusual explosion re- 
cently in connection with a high speed 
inverted vertical compound steam en- 
gine of the enclosed crankcase type, 
with cylinders 16 in. and 29 in., stroke 
7 in., speed 375 r.p.m., and employed 
forced lubrication, is described in the 
April issue of Vulcan. 

Exact details of what happened are 
not available, as the engine attendant 
who was the only person in a position 
to throw light on the matter, sustained 
injuries, and could not be interviewed. 
It was evident, however, that an ex- 
plosion of some severity had occurred 
within the crankcase. 

The engine itself was not seriously 
affected, but the building in which it 
was housed caught fire and sustained 
coniderable damage. It is conjectured 
that heating up of one of the slippers 
in its guide was primarily responsible 
for the ignition of oil vapor within the 
crank case. 

It was the general practice to leave 
one of the crank case doors slightly 
open for ventilation purposes. Oil 
vapor appears to have emerged from 
this partially open door and collected 
under the roof of the engine house in 
quantity. The primary explosion in the 
the crank case appears to have ignited 
the accumulated gaseous mixture under 
the roof and caused the ensuing damage 
to the latter. 


Safety Rules for the Installation and 
Maintenance of Electric Utilization 
Equipment, consisting of Part 3 and the 
grounding rules of the fourth edition 


of the ‘“Natienal Electrical Safety 
Code,” has just been issued by the 
United States Bureau of Standards, 


Washington, D. C. Copies of these 
rules can be had at fifteen cents each 
by writing to the Superintendent of 
Documents, Government Printing Office, 
Washington, D. C. Previous editions of 
the National Electrical Safety Code 
have been published in complete form. 
There has been a demand for smaller 
handbooks containing a single part of 
the code, and in response to this demand 
the fourth edition is being issued as a 
separate publication. 
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Flettner Demonstrates Pioneer Motor Ship 


To Trip Down New York Bay 


Guests of German Inventor Are Passengers on Baden-Baden Which Shows 
Her Paces on Three-Hour Cruise 


Anton Flettner’s rotor ship “Baden- 
Baden,” a recent arrival from Ham- 
burg, Germany, was put through her 
paces last Thursday afternoon in New 
York Harbor for the benefit of a party 
made up of business men, engineers and 
journalists who enjoyed a_ three-hour 
cruise as guests of the German in- 
ventor. The weather was perfect, with 
enough of a breeze to demonstrate the 
capabilities of the funnel-like rotors 
which marked this ship as the strangest 
craft that ever visited these shores 
since Hendrick Hudson’s “Half Moon” 
astonished the native Indians. 

Propelled sometimes by the rotors 
alone and sometimes by the rotors in 
combination with the oil-engine-driven 
propeller, the “Baden-Baden” cruised 
around the harbor for three hours with- 
out mishap or difficulty of any sort 
before returning to her berth beneath 
the Whitehall Building at the lower 
tip of Manhattan Island. With rotors 
alone and a 15-knot breeze she made a 
speed variously estimated at from 5 
to 73 knots. 

WIND SUPPLEMENTS ENGINE 

The “Baden-Baden” (formerly called 
the “Buckau’’) was an auxiliary sailing 
ship until the masts were removed and 
rotors installed in the latter part of 
1924. An article in the Dec. 30, 1924 
issue of Power described this pioneer 
of all rotor ships and explained the 
principle of operation. She is 160 ft. 
long with a beam of 36 ft. and a draft 
of 11 ft. The two smooth vertical 
cylindrical rotors, 9 ft. in diameter and 
50 ft. high, are driven at a maximum 
speed of 120 r.p.m. by individual 11-hp. 


motors mounted in the rotor pivots. 
Electric energy for these motors is 


taken from a 46-hp. Krupp Diesel-gen- 
erator set, which supplies all the cur- 
rent used aboard the ship. A 250-hp. 
Diesel is installed for auxiliary propeller 
drive. 


7 


The spinning of the rotor so distorts 
the stream lines of the wind as to pro- 
duce a partial vacuum on that side of 
the rotor which is moving parallel to 
the wind. This suction is kept forward 
by spinning the rotors clockwise when 
the wind is from the left and counter- 
clockwise when it comes from the right. 

This side thrust is technically known 
as the Magnus effect, and has long been 
known to scientists. Sportsmen have 
also been familiar with the effect with- 
out, however, generally knowing its 
cause or its name. The Magnus effect 
explains the curving of base balls and 
golf balls, and the side drift of artil- 
lery projectiles. Anton Flettner was 
the first man to make useful applica- 
tion of this principle outside of the 
field of sport. 

While sailing in the outer harbor the 
Baden-Baden made several tacks against 
the brisk breeze blowing up the harbor. 
She also ran part of the time with the 
wind on the beam. All this was with- 
out the propellor “Coming about” at the 
ends of tacks was facilitated by spin- 
ning the two rotors in opposite direc- 
tions. On the return trip the wind was 
nearly astern, but the rotors were kept 
going and seemed to add materially to 
the speed imparted by the propeller. 


Roror WINDMILL UNDER 
CONSTRUCTION 


Conversing with a member of the 
Power staff, Herr Flettner said the 
rotors were planned to supplement 


rather than replace the ordinary engine 
drive. Attention was called to launch- 
ing on April 28 at Bremen of the 3,000- 
ton, 300-ft. long “Barbara,” equipped 
with three rotors 55 ft. high and 12 ft. 
in diameter which replace about 1,200 
hp. of engine capacity. She is expected 
to go into operation in July. A large 
power-generating rotor windmill is now 
being built for installation in Berlin. 























Anton Flettner’s rotor-ship Baden-Baden, driven by the action of the wind 
on her funnel-like rotors, plows past the Statue of Liberty 





796 


Southern Power Companies in 
Big Merger 

Consolidation of fourteen Southern 
electric power companies with the Ap- 
palachian Electric Power Co., of West 
Virginia, was announced recently by 
C. S. Dawson, manager of the West 
Virginia Water & Electric Co., one of 
the concerns taken over in the merger. 

The entire southern half of the State 
of West Virginia, the western half of 
Virginia and part of eastern Kentucky 
are now being served by these com- 
panies. The power plants of the sys- 
tems are already connected by trans- 
mission lines, 

The properties going into the con- 


solidation are the following: West 
Virginia Water & Electric Co.; Ap- 
palachian Power & Light Co. (form- 


erly the Virginian Power Co.); Kana- 
wha Valley Power Co.; St. Albans 
Electric Power & Light Co.; Dunbar 
Light & Power Company; Interstate 
Power Co.; Consolidated Power & Light 
Co.; Kentucky and West Virginia 
Power Co. Inc.; Appalachian Power 
Co.; Roanoke Railway & Electric Co.; 
Lynchburg Traction & Light Co.; New 
River Development Co.; Central Vir- 
i, Power ©o.; Boyd County Electric 
0. 


Detroit Edison Co. Plans 
Substation on Plant Site 


In dismantling its old Farmer Street 
heating plant, the complete steam pro- 
duction of which aggregated less than 
the output of a single boiler in the new 
Beacon Street plant, the Detroit Edison 
Company plans to utilize the site for 
its electrical department. Service of 
the company’s territory is therefore 
being carried from the four other heat- 
ing plants of distribution. 

The Farmer Street plant, located in a 
congested downtown district, has long 
had the problem of handling coal and 
ashes, and at the same time there has 
arisen acute need for a substation in 
the territory. For this purpose the old 
site will be used. 


General Electric Co. will 
Quadruple Stock Shares 
Stockholders of the General Electric 
Company, at the annual meeting in 
Schenectady, on May 11, approved the 
plan to change the present authorized 
common stock of 1,850,000 shares of the 
par value of $100 each into 7,400,000 


shares of common stock without par 
value. 


Rank of States Leading in 
Electricity Output, 1920-25 


Total Produection——~ — 


ae 
1920 *921 1922 1923 1924 1925 
Por Por Per Per Fe. Fer 
Cent Cent Cent Cent Cent Cent 
of of of of of of 
us. US. OS. U.S. U8. US. 
State Total Total Total Total Total Total 
N. 4 sccm 09.93 1.06 35. 57 35.67 15.7% 15.38 
Pa 9.90 9.86 9.50 9.77 9.68 9.91 
Calif 8.58 9.72 9.19 9.10 9.43 9.44 
Ill 6.98 7.28 727.31 7.31 7.91 6.0 
Ohw 6.72 6.15 6.38 6.44 6.27 6.66 
Mich 481 4.64 4.57 4.64 4.57 4.600 
Mass 3.99 3.91 3.88 3.76 3.55 3.61 
Wash 2.75 287 2.70 2.60 2.55 2.46 
W.Va 2.59 2.69 2.84 3.07 2.99 2.49 
Mont 2.59 
Towa 2.41 
J 2.33 ; ae 
Weeds duuiaid wate. wae cers Roi 2:26 2.42. 3.34 
Total 64.84 04 59 64.27 64.64 65.11 65.09 
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Frank A. Tracy has been appointed 
assistant chief engineer of the Black- 
stone Valley Gas & Electric Co., 
Pawtucket, R. I. 


Gilbert G. Rosenberg, mechanical en- 
gineer, with the General Electric Co., 
has been transferred from Schenectady 
to the Atlanta office. 


Russell T. Waines has resigned from 
the faculty of the University of To- 
ronto to join the testing department of 
the Cleveland Electric Illuminating Co. 


Major Jones recently succeeded Major 
Paul S. Reinecke as District Engineer 
at Buffalo, N. Y. Major Reniecke was 
also a member of the Niagara Control 
Board. 


Edward Rahm, formerly of the Erie 
City Iron Works, has accepted the posi- 
tion of sales engineer in the Pittsburgh 
district of the Reisert Automatic Water 
Purifying Company. 


Charles Wohlers, formerly of Electric 
Bond & Share Co. and the Foundation 
Co., has recently joined the staff of 
Thomas E. Murray, Inc., consulting en- 
gineers, New York City. 


Frank W. Peek, Jr., General Electric 
Co., Philadelphia, will be a recipient of 
the Levy Medal of the Franklin Insti- 
tute, Philadelphia, at the medal meet- 
ing of the society, the afternoon of 
May 12. 


M. T. Martin, formerly of the turbine 
engineering department of the West- 
inghouse Electric & Manufacturing Co., 
is now associated with Webster Tall- 
madge, specialist in steam engineering, 
50 Church St., New York City. 


Prof. W. Peterson of the Technical 
High School, Darmstadt, has been 
elected a director of the Allgemeine 


Elektricitats-Gesellschaft of Berlin, in 
succession to the late Prof. Dr. Kling- 
enberg. 


C. W. Stokes, formerly a manager of 
the Sterling Engineering Co. at Mont- 
real, and later the Canadian manager 
of the English Electric Co., Ltd., has 
now moved to Chicago to join the 
American Brown Boveri Electric Cor- 
poration. 


C. J. Rodman, district manager of the 
Reisert Automatic Water Purifying 
Co., is now employed as general man- 
ager, secretary and treasurer, of the 
Buckeye Jack Manufacturing Co., of 
Alliance, Ohio. He has also recently 
been elected director and secretary of 
the Alliance Toy & Specialty Company. 


Samuel Insull, president of the Com- 


monwealth Edison Company of Chi- 
cago, has been suggested by Lord 


Rothermere, British publicist, as the 
logical selection for the post of Min- 
ister of Electrical Development. The 
post carries a seat in the Cabinet. The 
British Government has made no an- 
nouncement of decision as yet. 


Henry Eggelhof, P. O. 
Dallas, Tex., was recently 


Box 945, 
appointed 





Vol. 683, No. 20 


exclusive representative for the eastern 
half of Texas by the Uehling Instru- 
ment Co., of Paterson, N. J. 


Morgan B. Smith, chairman of the 
Detroit section of the A.S.M.E., has 
resigned as purchasing agent for the 
Detroit Edison Co., to become member- 
at-large of the Works Managers’ Com- 
mittee of the power division of the 
General Electric. 


J. J. P. MacKenzie, formerly with the 
Broklyn Edison Company’s engineering 
investigation bureau of the Mechanical 
Engineers’ Department, has joined the 


engineering products division of the 
Walworth Company as assistant en- 
gineer. The division recently estab- 


lished headquarters in the Vanderbilt 
Building, New York City. 


William H. Hartman, plant engineer, 
has resigned his post with the Kelly 
Island Lime & Transport Co., Marble- 
head, Ohio, to become chief engineer 
with the Bonnot Co., Canton, Ohio. 
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The General Electric Co., Schenec- 
tady, N. Y., has recently appointed R. 
M. Alvord manager of the San 
Francisco office. He succeeds E. O. 
Sheve, who was recently named man- 
ager of the industrial department of 
the company, with headquarters at 
Schenectady. 


Stone & Webster, Inc., Boston, Mass., 
have been engaged by the Savannah 
Electric & Power Co. to proceed with 
the design and construction of an ex- 
tension to its Riverside Power Station. 
This will consist of the installation of a 
15,000-kw. turbo-generator, a 27,000- 
sq.ft. condenser and auxiliaries, and two 
boilers having a capacity of 1,370 hp. 
each with water-cooled walls. 


The Crankless Engine Company of 
America, 29 Broadway, New York City, 
announces through Dr. E. H. Arm- 
strong, of New York and Jacksonville, 


Florida, that contracts have been 
signed with a syndicate to manufacture 
in large quantities Crankless Diesel 


Engines for railway, marine and indus- 
trial uses. 


The Riley Stoker Corp., Worcester, 
Mass., announces that O. C. Sheldon, 
formerly located at the Worcester office 
of the company as advertising manager, 
has been transferred to the Cincinnati 
office of the company as district man- 
ager; C. L. Smith, formerly district 
manager of the Cincinnati office, has 
been transferred to the Chicago office 
as district manager. 


D. H. Skeen & Co., regulator de- 
partment, Chicago, has been _ incor- 
porated recently as the Mereon Regu- 
lator Co., for the manufacture of pres- 
sure-regulating valves of all types, in 
which a mercury column is used and 
marketed under the trade name of 
Mercon. The personnel of the company 
remains the same. The officers and 
directors are E, T. MeCarthy, presi- 
dent; D. S. Walker, vice-president; G. 
L. Dickson, secretary; D. H. Skeen, 
treasurer, 
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The Timken Roller Bearing Service 
and Sales Co., eastern branch office, 
located at 1033 Cathedral St., Balti- 
more, Md., was closed May 1. The 
service requirements of Timken cus- 
tomers in this territory will be sup- 
plied through the Richmond, Pittsburgh 
and Philadelphia branches. 


Frank Hodson, consulting engineer, 
1015 Chestnut St., Philadelphia, for- 
merly founder and president of the Phil- 
tric Furnace Construction Co., Phil- 
adelphia, advises that he has signed 
contracts with F. T. Kaelin, of Mont- 
real, for the exclusive rights to the 
system, process and patents on the 
“Kaelin” Electric Steam Boiler for the 
United States and South America. 


J. Barraja-Frauenfelder & Co., engi- 
neers, 8-10 Bridge St., New York, are 
announcing a consulting and advisory 
service on oil engines and their appli- 
-ations to the industries. The main 
branches of their service, classified, are 
as follows: Research and. design; 
manufacturing advice; torsional vibra- 
tional investigations; marine and 
stationary power plants; appraisals, 
estimates, opinions and legal testimony. 


The Power Specialty Co., 111 Broad- 
way, New York City, announces that it 
has purchased the Aero Pulverizer Co. 
Through this acquisition the company 
is in the position to offer the pur- 
chasers of steam-plant equipment a 
contract with guarantees covering any 
boiler in combination with a _ water- 
cooled furnace of Foster design. Equip- 
ment furnished directly by this com- 
pany will, therefore, now include Aero 
unit pulverizers, Foster superheaters, 
water-cooled furnaces, economizers and 
air heaters. 
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Analysis of Missouri Coals—This is 
Technical Paper No. 366 and is pub- 
lished by the Bureau of Mines. It can 
be purchased from the Superintendent 
of Documents, Government Printing 
Office, Washington, D. C., for 10 cents. 


Turbo Boiler-Feed Pumps—The Cop- 
pus Engineering Corp., Worcester, 
Mass. Bulletin No. 126 contains infor- 
mation on installing and operating the 
centrifugal turbo boiler feed pumps, 
type TB made by this company. Bul- 
letin No. 125 covers types TB and TBM 
steam turbine and electric motor driven 
pumps. The bulletins are well illus- 
trated. 


Gaskets—Wilcox Manufacturing Co., 
East 77th St. and Anthony Ave., Chi- 
cago. Catalog No. 20 features several 
of the many varieties of gaskets made 
by this company and tabulates physical 
dimensions. Essentially, the gasget is 
a metal covering with an elastic filling, 
and, depending upon the use, the com- 
bination may be copper and _ rubber, 
copper and asbestos, steel or monel 
metal and asbestos, aluminum and 
asbestos, lead and asbestos or copper 
and leather. 





Coming Conventions 


American Boiler Manufacturers As- 
sociation. D. W. Glanzer, 840 
Rockefeller Bldg., Cleveland, Ohio. 
Annual convention at Homestead, 
Hot Springs, Va., June 1-2. 

American Institute of Electrical 
Engineers. F. L. Hutchinson, 29 
West 39th St., New York City. 
Regional meeting at Niagara Falls, 
May 26-28. Annual convention at 
White Sulphur Springs, W. Va., 
June 21-25. 

American Order of Steam Engineers, 
W. S. Wetzler, 7358 N., 44th St., 
Philadelphia, Pa. Annual conven- 
tion at Moose Hall, Philadelphia, 
June 7-11. 

American Society for Testing Mate- 
rials. C. L. Warwick, 1315 Spruce 
St., Philadelphia, Pa. Convention 
at Haddon Hall, Atlantic City, 
N. J., June 21-25. 

The American Society of Heating and 
Ventilating Engineers, A. V. 
Hutchinson, 29 West 39th St., New 
York City. Annual convention at 
Lexington, Ky., May 26-28. 

American Society of Mechanical En- 
gineers. Calvin W. Rice, 29 West 
39th St.. New York City. Spring 
convention at San Francisco, Calif., 
June 28-30, 

American Water Works Association. 

’. M. Niesley, Assistant to Sec., 
170 Broadway, New York City. 
Annual convention at Hotel Statler, 
Buffalo, N. Y., June 7-12. 

Association of Iron & Steel Electrical 
Engineers. John F. Kelly, 1007 
Empire Bldg., Pittsburgh, Pa. Ix- 
position and convention at Hotel 
Sherman, Chicago, Ill., June 7-10. 

Canadian Association of Stationary 
Engineers, G. A. Brown, secretary, 
Major St., Toronto, Ontario. Con- 
vention and exposition, London, 
Ontario, June 29, 

Master Boiler Makers Association. 
Harry D. Vought, 26 Cortlandt 
St.. New York City. Annual con- 
vention at the = Statler Hotel, 
Buffalo, N. Y., May 25-26. 

National Association of Stationary 
Engineers. Fr. W. ftaven, 417 
South Dearborn St., Chicago, Ill. 
Convention at Atlantic City, begins 
Sept. 14. Erroneously announced 
as Sept. 6-11. Annual conventions 
and exhibitions of state association 
are scheduled as follows: Indiana 
State Association, F. L. Clifford, 
653 South Union St., Kokomo, 
Ind., Convention at Lafayette, Ind., 
May 10-15; Kansas State Associa- 
tion. H. S. Dukes, School for the 
Blind, Kansas City, Mo. Conven- 
tion at Abilene, Kans., May 19-21; 
Illinois State Association, oO. 
Jacobsen, 8387, Lakeside, Place, 
Chicago. Convention at Decatur, 
Ill., June 2-4; New England States 
Association, Freeman L. Tyler, 32 
Briggs St., Taunton, Mass. Conven- 
tion at New Bedford, Mass., June 
16-19; Ohio State Association. 
T. S. Garrett, 2622 E. Second St., 
Dayton, Ohio, Convention at New- 
ark, Ohio, June 17-19; Connecticut 
State Association, George F. WKlop- 
fer, 30 East Pearl St., New Haven, 
Conn., Convention at Norwich, 
Conn., June 25-26; Wisconsin State 
Association, R. L. Scott, Mau Claire, 
Vis. Convention at Milwaukee, 
Aug. 3-6; Minnesota State Asso- 
ciation, C. A. Nelson, S800 22nd 
Ave., N. EE. Minneapolis, Minn 
Convention at Rochester, Minn., 
Aug. 4-6; New Jersey = State 
Association, S. G. Dalrymple, 
111 Hutton St., Jersey City, Con- 
vention at Atlantic City, Sept. 12; 
Pennsylvania State Association, 
Frank J. MeCarron, 3647 North 
11th St., Philadelphia, Convention 
at Philadelphia, Sent. 12-15. 

National Board of Boiler and Pres- 
sure Vessel Inspectors. Annual 
meeting at Chicago, May 24-26. 

National District Heating Associa- 
tion. D. L. Gaskill, Greenville, 
Ohio. Convention at Niagara 
Hotel, Niagara Falls, June 1-4. 

National Electric Light Association. 
A. Jackson Marshall, 29 West 39th 
St.. New York City. Forty-ninth 
convention and manufacturers’ ex- 
hibition, Atlantic City, May 17-21. 

Universal Craftsmen Council of Engi- 
neers, 24th convention and exy.: it 
Milwaukee Auditorium, Milwauxee, 
Aug. 3-7. 








Plastic Furnace Lining—The S. Ober- 
mayer Co., Chicago. An attractive 28- 
page catalog devoted to ‘“Ramtite,” 
its various uses, methods of application 
and comparison with other materials. 


Meters—Republic Flow Meters Co., 
Chicago. “Steam Economy” is the title 
of an instructive bulletin” recently 
issued. A preliminary section on Steam 
Economy deals with operation and 
management, instruments required for 
high-grade boiler operation, the im- 
portance of records, measuring steam 
distribution and power plant cost ac- 
counting. This is followed by illustra- 
tions of typical installations in many 
industries and a final division devoted 
to the theory and construction § of 
steam-flow meters, including typical 
arrangements of boiler panels. 
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COAL 


The following table shows the trend 
of the spot steam market in various 
coals, f.o.b. mines; mine run except 
Pittsburgh gas slack: 


Bituminous Market May 10 
Net Tons Quoting 1926 
POGY Pe x=... New York... $2. 50, $2.75 
Smokeless... Boston. ...... 1.88 
Cleartield. . Boston. 1.75@ 2.19 
Somerset, bi ee 1.850 2.15 
Kanawha..... Columbus...... 1.40@ 1.75 
Hocking....... Columbus..... 1.40@ 1.75 
Pittsburgh..... Pittsburgh..... 1.75 1.90 
Pittsburgh gas 

slaek se. Pittaburgh..... 1.50@ 1.60 
Franklin, [ll...... Chieago... sie 2.35 2.50 
Central, Ill é Chienea... << 2.00@ 2.15 
Ind. 4th Vein.. oe ae 2.10) 2.25 
West Ky.. Louisville... .... 1.10@ 1.40 
Ss. B.. Ky... Louisville....... 1.35@ 1.65 
Big Seam..... Birmingham... .. 1.75@ 2.25 
Anthracite 
Gross Tons 
Buckwheat No.l. New York...... 1.85@ 3.50 
Buckwheat No. 1. Philadelphia. 2.00@ 2.75 
Birdseye........ New York...... 2.0 


FUEL OIL 


New York—May 13, light oil, tank- 
car lots; 28@34 deg. Baumé, 5c. per 
gal.; 36@40 deg., 6c. per gal. f.o.b. 
Bayonne, N. J. 


St. Louis—May 4, tank-car lots, f.o.b. 
St. Louis; 24@26 deg., $2.15 per bbl.; 
26@28 deg., $2.20 per bbl.; 28@30 
deg.., $2.25 per bbl.; 30@382 deg., $2.30 
per bbl.; 82@36 deg., gas oil, 6c. per 
gal.; 38@40 deg.., 6.7¢. per gal. 






























Pittsburgh—May 11, f.o.b. local re- 
finery; 50@34 dege., fuel oil, 6c. per 
val.; 36@40 deg., fuel oil, 62¢. per gal. 


Dallas—May 9, f.o.b. local refinery 
26@30 deg., $1.60 per bbl. 


Philadelphia—May 7, 27@30 deg., 
$2.31@$2.37 per bbl.; 18@22 deg., 
$1.93@$1.99; 18@19 deg., $1.68@$1.74 
per bbl. 


Cincinnati— May 11, tank-car lots 
f.o.b. local refinery, 24@26 deg. Baumé, 
6ic. per gal.; 26@30 deg., 6&c. per gal.; 
30@52 deg., 7c. per gal. 

Chicago—May 10, tank-car lots f.o.b. 
Oklahoma, freight to Chicago, 92c. per 
bbl.; 24@26 deg., $1.40@$1.45 per bbl.; 
26@30 deg., $1.45@$1.50; 30@32 deg., 
$1.60@$1.65. 

Boston—May 10, tank-car lots, f.o.b. 
12@14 deg. Baumé, 4.45¢. per gal.; 
28@382 deg., 5c. per gal. 
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Ariz., Chandler—City, F. V. Howey, Clk., 
Will re bids until May 27 for the con- 
struction of a waterworks system including 


CelLve 


well, 275 ft. deep, two 750 g.p.m. centrifu- 
gal pumps, 175 ft. head, direct connected 
to electric motors, 100,000 gal. tank on 110 
ft. tower, ete. Weiland Engineering Co., 
Thatcher Bidg., Pueblo, Colo., is engineer. 

Calif., Laguna Beach Laguna Beach 
County Water Dist., P.O. sox 647, had 
plans prepared for the construction of two 


reservoirs and pumping equipment including 
two 900 g.pm,. deep well turbine pumps, 
four 900 g.pm. and one 300° g.p.m. hori- 
zontal centrifugal pumps. J. P. Lippincott, 
Central UBldg., Los Angeles, is consulting 
engineer ie. A, Rowe, resident engineer, 

Calif.. Napa—Chamber of Commerce and 
YB is having preliminary plans pre- 
pared for the construction of a pre-cooling 
plant lostiniated $150,000. 

Calif., 


COX, 


cost 


Santa Monier — City is having 


plans prepared for the construction of a 
pumping station for outfall sewer including 
two 4,000 g.p.m. motor driven centrifugal 
pumps, ete estimated cost $35,000, HL B. 


Carter, is engineer 


Calif., Vallejo—Sacramento River Fisher- 


men's Union, Pittsburgh, plans the con- 
struction of a packing ane icing plant, 
here. Estimated cost $50,000, 

Colo., Denver—P. A. Zang, 320 Ameri- 
ean National Bank Bldg., will soon award 
contract for the construction of an 11 story 
hotel at 454 South Marion St. Estimated 
cost $1,100,000, Hooper & Jarnsch, 879 


North State St., Chicago, IL, are architects. 


Fla., Sarasota—West Coast Brick Corp., 
plans the construction of a plant, 50,000 
brick daily capacity. Estimated cost $100,- 
000, Owner is in the market for two 150 
hp. tubular boilers, ete 


Savannah 
Power Co., 27 West Bay St., 
tract for the design and 
extensions to Riverside 
cluding 15,000 kw. turbo 
sq.ft. condenser and 
hp. boilers, ete., to 
147 Milk Sw., Boston, 
Hl... Chieago—Th 
116 North La 
for the 
Dent on 
eh 
ooo 


stalled 
Til., 


Ga., Savannah Electric & 
awarded con- 
construction of 
power station, in- 
generator, 27,000 
auNiliaries, two 1,370 
Stone & Webster Ine., 
Mass 

Astor Building Co., 
Salle St., awarded contract 
construction of a 16 story apart- 
Astor Ave. to Lundoff-Bicknell Co., 
Keith Bldg Estimated cost $2,000,- 
Steam heating system will be in- 


Chicago 
177 North State 
tract for the 
“upartment at Oakdale 
\ves estimated 
Gregori, 155 North 
Owner is general 

Hl, Chieago—Commonwealth Edison Co., 
72 Adams St., Will soon award contract for 
the construction of the second section of its 


Callner Construction 
St.. will award 
construction of a 19 


"a. 

eon- 
story 
and Commonwealth 
. > 

t. 


soon 


cost $3,250,000 


Clark St., is architect 
contractor. 


power plant including boiler room, turbine 
room, transformer house, intake crib house, 
third seetion of switch house, ete., at 8500 
South Crawford Ave. Estimated cost $2,- 


HOO, Graham, Anderson, Probst & 


White, SO Kast Jackson Blvd., are archi- 
tects, 

W., Chieago—Ridge General Hospital, 
Ing, 6542-6614 Ridge ivd., is having 
plan prepared for the construction of a 
6 story hospital including separate power 
house, ete, Estimated cost $1,500,000, 
 T. Johnstone, 190 North State St., is 
irchitect 

Hl. Chicage—Sanitary Dist., H. KE. Wal- 
lace, Clk., will receive bids until May 20 
for 11 oil circuit breakers, electrically oper- 
ited, ete for Fullerton Avenue pumping 
station, 

Tl., East St. Louis—Proadway Central 
Hotel Co. JOU) Kast Broadway, awarded 
eortract for the construetion of a 7 story 
hotel at Broadway and Fifth St., to Hollen 


berry & Co. 119 Ga 


Salle 
kistimated cost 


$1,100,000, 


St... Chicago 

Hl., Evanston—The Toy Tinkers, Ine., is 
in the market for a 7 
12 ve motor generator 
plant. 

Ind., Evansville—H. EF. Koch, Outer Lin- 
eoln St., had plans prepared for the econ- 
struction of a 2. story office building. 
Estimated cost $600,000, Private plans. 


150 a. 6 Vv. or 
set 


Qrr 
oid A 


for electroplating 


Ind., Gary—Little Bros Co., is in the 
market for an ice machine, ete., for pro- 
posed new market at La Crosse, Wis. 

Ind., Terre Haute — Treasury Dept., 
Washington, D. C., will receive bids until 
June 9 for a boiler for post office here. 

TIa., Indianola — City is having pre- 
liminary plans prepared for the construc- 
tion of either wells or storage reservoir 


distribution 
Currie Kn- 
Co., Webster City, is engineer. 

Ky., Padueah—Treasury Dept., Washing 


including pumping equipment, 
system, ete., for water supply. 
vinecring 


ton, D. C., will receive bids until June 7 
for a boiler for post office here. 
La., Alexandria—Arkiunsas Oak Floor- 


ing Co., KE. F. Ensign, Memphis, Tenn., will 
build a new mill and power plant, includ- 
ing two 100 hp. boilers, pumps, 750 kw. 
generator, air compressors, 60,000 gal. tank, 
ete. Work will be done by day labor. 
timated cost $400,000. 

La., New Orleans—Syndicate, c/o KW. 1. 
Aschaffenberg, Chn., awarded contract for 
the construction of a 12 story hotel at St. 
Charles Ave. and Josephine St., to J. V. & 
Rk. T. Burkes, Carondelet Bldg. Mstimated 
cost $1,000,000, 


rel 
Kis- 


Me., West Buxton—Cumberland County 
Power & Light Co., awarded contract for 
the construction of a power plant to Foun- 
dation Co., 120 Liberty St., New York, 
N. Y Estimated cost $500,000, 


Bd. of Water Commis- 
sioners, W. P. Lane, Pres., will soon award 
contract for the construction of a filtra- 
tion plant and pumping station. Estimated 
cost $1,500,000. G. L. Bean, Abbott Bldg., 
Philadelphia, Pa., is engineer. 

Mass., Boston—Bureau of Yards & Docks, 


Md., Hagerstown- 


Navy Dept., Washington, 1). C., will soon 
receive bids for the construction of a pump 
house, motor driven centrifugal pumping 
units, motor control equipment, ete., at 
Navy Yard, here. 


Mass., Boston—State Health Dept., State 
House, plans the construction of a hospital. 


Mstimated cost $500,000, Architect not 
selected, 
Mass., Brockton — Edison Electric Il- 


lumination Co, plans to double transmission 
facilities from Dupont Circle sub-station to 
lines of Montaup Electric Co. about 14 
miles, also extensions to switch house, bus 
and oil circuit breaker rooms, condenser 
room and outdoor sub-station including the 
installation of a 7,500 kva. synchronous 
condenser, station service transformers, ete. 
Stone & Webster, Inec., 147 Milk St., Boston, 
Mass., are engineers, 

Mich., Detroit—Bd. of Water Commis- 
sioners, G. H. Fenkell, Gen. Megr., 176 lKiast 
Jefferson Ave., is having preliminary plans 
prepared for the construction of a booster 
station. Ultimate pumping equipment will 
probably include two 12,000,000 gal and 
two 6,000,000 gal. electrically driven 
centrifugal pumps, ete. 

Miss., Purvis— City State Investment 
Co., 128 North Wells St., Chicago, Tll., has 
acquired water and light plants) and 
uwarded contract for improvements con- 
sisting of a power house to include a new 
100 hp. oil engine, 12 ton ice plant and 
equipment for remote control of two 25 hp. 
motors direct connected to two S50) @.p.im. 
Water pumps, 125,000 gal. tank on 100 ft. 
tower, distribution mains, transmission line, 
here, to A. Garrett, Canal Commerce 





: New Orleans, La. estimated cost 
$125,000 

N. Y¥., Kings Park—State Hospital Com- 
mission, Capitol, Albany, will receive bids 
until May 26 for an air compressor and 
two electric generators for Wings Park 
State Hospital, here. 

N. Y¥., New York—A. Adelson, 690 6th 
Ave., awarded contract for the construction 
of a 21 story office and loft building on 
Park Ave., to Shroedet & Koppel, 347 
Madison Ave, Estimated cost $4,000,000, 


N. Y¥.. New York—DBing & Bing, 119 
West 40th St., will build a 15 story apart- 
ment on Kast 57th St., by day labor. Esti- 
mated wt $1,000,000 KE. Roth, 110 West 


40th St., is architect. 


N. Y., New York—Peter Cooper Lexington 
West 
prepared 


Corp., c/o R. 
Archt., is 


Candela, 200 
having plans 


72nd St.. 
fur the 


construction of a 15 story hotel at Lexing- 
ton Ave. and 39th St. Estimated cost 
$900,000, 

N. ¥., New York—Five Hundred Seventy 
One Park Avenue Corp., c/o G. F, Pelham, 
200 West 72nd St., Archt., will build a 15 
story apartment at Park Ave. and 63rd St. 


by day labor. Estimated cost $1,000,000. 
N. Y¥., New York—W. Warren, 16 East 


{7th St., will soon receive bids for the con- 


struction of an apartment on 5th Ave. 
Estimated cost $1,000,000. Warren & Wet- 


more, 16 East 
Baleom, 16 


Ms Ma, 


47th St., architects. HH. 
Kast 47th is engineer. 

Ray Brook—State Hospital Com- 
mission, Albany, is having plans prepared 
for the construction of a power plant for 
New York State Hospital, here. Estimated 
cost $200,000. 

N. Y., Rochester — Greater Rochester 
Properties, 207 Lafayette Bldg., Buffalo, is 
receiving bids for the construction of a 
2 story theatre, office and stores building 
on South Clinton St., here. HWstimated cost 
$1,125,000, L. Lempert, 1154 Mercantile 
Bldg., is architect. 

O., Cleveland —G. 


are 
St., 


Stewart, Pittsburgh 


Bldg., St. Paul, Minn., Archt., will receive 
bids about June 1 for the construction of 
a 10 story apartment and lodge building 
at Kast 40th and Windsor Sts., for Fra- 
ternal Order of Eagles, T. J. Long, Pres., 
Aecria No. 135. Estimated cost $1,400,000. 

Pa., Abington—PBd. of Education, c/o C. 
M. Doll, Glenside, will receive bids until 
May 24 for the construction of a power 
plant for high school here. Heacock & 


Hokenson, 1211 
are architects. 


Chestnut St., 


Philadelphia, 


Pa., Philadelphiam—Manayunk Plush Co., 


109 Levering St., will soon award contract 
for the construction of a dye house, finish- 
ing house and power plant at Ambria and 
Lemonte Sts. W. E. S. Dyer, Land Title 


Bldg., is 

Pa., Pittsburgh — Pittsburgh 
Exchange, ¢/o W. M. Reed, Union National 
3ank Bldg., awarded contract for the con- 
struction of a 21. story office building on 
Fourth Ave., to Boyle Robertson Co., 815 
15th St., N. W., Washington, D. C.  Esti- 
mated cost $1,250,000, 

S. D., Sioux Falls—Bd. of Commissioners 
Will receive bids until May 25 for a 400 hp. 
oil engine with 270 kw. generator and 3,200 
g.pm. duplex acting power pump against 
190 ft. head. Maury & Gordon, 1445 Monad- 
nock Block, Chicago, UL, are engineers. 


engineer, 


Insurance 


Tex., Brownsville—Bd. of Education, is 
receiving bids for the construction of a 
power plant. estimated cost $40,000, H 


P. Smith, 
Bldg., San 

Tex... 
soon to 
and 


National 
Antonio, is 
City 


$35,000 


Bank of 
engineer. 


Commerce 


Childress plans an 
vote bonds for 
improvements to waterworks 


election 
extensions 
including 


pumping stations, mains, ete, 

Tex., Goliad—Texas Central Power Co., 
N. B. Weiswanger, Megr., Frost Bldg., San 
Antonio, is having plans prepared for the 
construction of a 40 ton ice plant and an 
electric power plant, here. Estimated cost 
$50,000 and $40,000 rospectively. Private 
plans. Machinery for both plants will he 


required 
Tex., Shelby ville—Nacogdoches Ice Cream 
Co., plans the construction of a cold storage 


plant. Estimated cost $35,000, Private 
plans. 

Wis., Edgerton—City, C. A. Hoen, Clk., 
will receive bids until May 25 for drilling 
new well, construction of a pumping sta- 
tion and installation of one 500 g@.p.m. mo- 
tor or engine driven centrifugal pump, ete 
W. G. Wirehoffer, 22 North Carroll St., 
Madison, is engineer. 

Wis... Milwaukee—Chain Investment Co., 
e/o Rosman & Wierdsma, 490 Broadway, 
Arehts, will soon receive bids for the eon- 


struction of an 8 


story 
Grand Ave. 


apartment on 
Estimated 


cost $600,000, 


Wis., Milwaukee—Dept. of Public Works, 
R. Stoelting, Comr., will receive bids until 
May 20 for foundations for addition to 


North 
total 


boiler room, ete., at 
station. Estimated 


Point pumping 
eost $400,000. 


Que., Verdun—City, J. Wishart, Secy.., 
will soon receive bids for improvements to 
electric lignt plant Estimated cost $26,000. 














